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CLUSTERIN 

Clusterin is a serum glycoprotein endowed with cell aggregating, complement 
inhibitory, and lipid binding properties, and is also considered as a speci- 
fic marker of dying cells, its expression being increased in various tissues 
undergoing programmed cell death ". Clusterin is induced de novo during the 
regression of the prostate, the mammary gland and other hormone-depen- 
dent tissues after hormone ablation, and is over-expressed in several human 
neurodegenerative diseases including Alzheimer's disease, epilepsy and reti- 
nitis pigmentosa 45 . 

Clusterin is a heterodimeric glycoprotein produced by a wide array of tissues 
and found in most biologic fluids. A number of physiologic functions have 
been proposed for clusterin based on its distribution and in vitro proper- 
ties. These include the above mentioned complement regulation and lipid 
transport, as well as sperm maturation, initiation of apoptosis, endocrine 
secretion, membrane protection, and promotion of cell interactions. A promi- 
nent and defining feature of clusterin is its induction in such disease states 
as glomerulonephritis, polycystic kidney disease, renal tubular injury, neuro- 
degenerative conditions including Alzheimer's disease, atherosclerosis, and 
myocardial infarction. The expression of clusterin in these states is puzzling, 
from the specific molecular species and cellular pathways eliciting such 
expression, to the roles subserved by clusterin once induced 57 . 
Overall, the evidence suggests that function of clusterin is to protect surviving 
cells after damage. This protection may result from a detergent- and chape- 
ron-like action of the protein 114 - 105 . 

Clusterin has originally been purified from rat rete testis fluid by conventional 
techniques and by immunoaffinity chromatography. The molecule is characte- 
rized as a glycoprotein having a molecular mass of approximately 80,000 Da 
and an isoelectric point of 3.6. The purified protein retains the capacity to 
elicit clustering of cells in an in vitro assay. Under reducing conditions in 
the presence of sodium dodecyl sulfate, clusterin dissociates into subunits 
of about 40,000, designated alpha (34-36 kDa), and beta (36-39 kDa). 
It contains 10 cysteine residues, the numbers and locations of which are 
conserved in several mammalian species. All the cysteine residues are 
involved in interchain (alpha-beta) disulphide bonds. There are no free cys- 
teine residues 16 . Disulfide bonds were determined between Cys58(alpha)- 
Cysl07(beta), Cys68(alpha)-Cys99(beta), Cys75(alpha)-Cys94(beta), and 
Cys86(alpha)-Cys80(beta). Since there is no free sulfhydryl groups in the 



clusterin molecule, Cys78(alpha) and Cys91(beta) should also be linked by 
a disulfide bond. It is notable that all of the disulfide bonds in clusterin 
are not only formed by inter-chain pairing, but also appear to form an anti- 
parallel ladder-like structure between the two chains. The unique structure 
could be related to the functions of clusterin 28 .When deglycosylated, the 
molecular mass of the alpha-subunit is 24 kDa and that of the beta subunit 
is 28 kDa, suggesting that approximately 30% of the mass of each subunit is 
carbohydrate. The amino acid compositions of clusterin alpha and beta beta 
are very similar; however, the sequences of the first 30-amino acid residues 
are distinct. Some antibodies react with both subunits whereas others with 
only one of them 4 . 

Heterogeneities in apparent molecular mass were eliminated after treatment 
of clusterin with neuraminidase. Gel filtration chromatography revealed that 
clusterin exists in dimeric and tetrameric forms under conditions of neutral 
pH and low salt concentrations. In the presence of 6 M urea, only the mono- 
meric form is evident, with an apparent molecular mass of approximately 
85,000 Da. Clusterin, which was found to contain 4.5% glucosamine, binds 
to concanavalin A-Sepharose and also to wheat germ agglutinin Sepharo- 
se 1 . 

Matrix-assisted laser desorption ionization mass spectrometry revealed two 
molecular weight species of holoclusterin (58,505 +/- 250 and 63,507 
+/- 200). Mass spectrometry also revealed molecular heterogeneity asso- 
ciated with both the alpha and beta subunits of clusterin, consistent with 
the presence of multiple glycoforms. The data indicate that clusterin con- 
tains 17-27% carbohydrate by weight, the alpha subunit contains 0-30% 
carbohydrate and the beta subunit contains 27-30% carbohydrate. The most 
abundant glycoforms are bisialobiantennary without fucose and the least 
abundant were monosialobiantennary, trisialotriantennary with two fucose 
and/or tetrasialotriantennary. No evidence was found for the presence of 
O-linked or sulfated oligosaccharides 82 . 

Clusterin is initially produced as a single chain, intracellular precursor of 
58 kDa which contains N-linked oligosaccharide. The precursor is converted 
to an intracellular 70 kDa glycoprotein, which becomes the major intracellular 
form of clusterin prior to secretion. Maturation of the 58 kDa precursor invol- 
ves conversion of high-mannose carbohydrate to complex-type carbohydrate 
containing sialic acid, as well as intracellular cleavage to yield alpha and 
beta subunits. This cleavage event occurres at a late stage of carbohydrate 
modification, most likely in the trans-Golgi or a post-Golgi compartment. The 
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maturation and secretion of clusterin occurres rapidly, with a half-time of 30- 
35 min.Tunicamycin treatment of cells resulted in an unglycosylated doublet 
comprised of one single chain and one cleaved form of clusterin. The ungly- 
cosylated clusterin species were secreted rapidly with a half-time of 20 min. 
Both cleavage and secretion were independent of glycosylate 6 . 
Clusterin is expressed at high levels in an array of specialized cell types of 
adult and fetal mouse tissues and in similar cell types of human tissues. 
Most of these cell types are highly secretory and form the cellular interfaces 
of many fluid compartments. This group includes epithelial boundary cells of 
the esophagus, biliary ducts, gallbladder, urinary bladder, ureter, kidney distal 
convoluted tubules, gastric glands, Brunner's glands, choroid plexus, ependy- 
ma, ocular ciliary body, endometrium, cervix, vagina, testis, epididymus, and 
visceral yolk sac. Several nonepithelial secretory cell types that express high 
levels of clusterin also line fluid compartments, such as synovial lining cells 
and ovarian granulosa cells. In the context of its known biochemical proper- 
ties, this expression pattern suggests that localized synthesis of clusterin 
serves to protect a variety of secretory, mucosal, and other barrier cells from 
surface-active components of the extracellular environment 34 . 

Clusterin has chaperone-like activity 

At physiological concentrations, clusterin potently protected glutathione S- 
transferase and catalase from heat-induced precipitation and alpha-lactalbu- 
min and bovine serum albumin from precipitation induced by reduction with 
dithiothreitol. Enzyme-linked immunosorbent assay data showed that clus- 
terin bound preferentially to heat-stressed glutathione S-transferase and to 
dithiothreitol-treated bovine serum albumin and alpha-lactalbumin. Size exc- 
lusion chromatography and SDS-polyacrylamide gel electrophoresis analyses 
showed that clusterin formed high molecular weight complexes (HMW) with 
all four proteins tested. Small heat shock proteins (sHSP) also act in this 
way to prevent protein precipitation and protect cells from heat and other 
stresses. The stoichiometric subunit molar ratios of clusterimstressed pro- 
tein during formation of HMW complexes (which for the four proteins tested 
ranged from 1.0:1.3 to 1.0:11) is less than the reported ratios for sHSP- 
mediated formation of HMW complexes (1.0:1.0 or greater), indicating that 
clusterin is a very efficient chaperone. These results suggest that clusterin 
may play a sHSP-like role in cytoprotection 105 . 

Clusterin (i) inhibits stress-induced precipitation of a very broad range of 
structurally divergent protein substrates, (ii) binds irreversibly via an ATP- 



independent mechanism to stressed proteins to form solubilized high 
molecular weight complexes, (iii) lacks detectable ATPase activity, (iv) when 
acting alone, does not effect refolding of stressed proteins in vitro, and (v) 
stabilizes stressed proteins in a state competent for refolding by heat shock 
protein 70 (HSP70). Furthermore, it was shown that, at physiological levels, 
clusterin inhibits stress-induced precipitation of proteins in undiluted human 
serum. Clusterin represents the first identified secreted mammalian chape- 
rone. However, other reports suggest that, at least under stress conditions, 
clusterin may be retained within cells to exert a protective effect. Regardless 
of the topological site(s) of action, the demonstration that clusterin can sta- 
bilize stressed proteins in a refolding-competent state suggests that, during 
stresses, the action of clusterin may inhibit rapid and irreversible protein 
precipitation and produce a reservoir of inactive but stabilized molecules 
from which other refolding chaperones can subsequently salvage functional 
proteins 126 . 

The interactions of clusterin with different structural forms of alpha-lactalbu- 
min, gamma-crystallin and lysozyme were studied. When assessed by ELI- 
SA and native gel electrophoresis, clusterin did not bind to various stable, 
intermediately folded states of alpha-lactalbumin nor to the native form 
of this protein, but did bind to and inhibit the slow precipitation of redu- 
ced alpha-lactalbumin. Reduction-induced changes in the conformation of 
alpha-lactalbumin, in the absence and presence of clusterin, were monitored 
by real-time (1)H NMR spectroscopy. In the absence of clusterin, an inter- 
mediately folded form of alpha-lactalbumin, with some secondary structure 
but lacking tertiary structure, aggregated and precipitated. In the presence of 
clusterin, this form of alpha-lactalbumin was stabilised in a non-aggregated 
state, possibly via transient interactions with clusterin prior to complexation. 
Additional experiments demonstrated that clusterin potently inhibited the 
slow precipitation, but did not inhibit the rapid precipitation, of lysozyme and 
gamma-crystallin induced by different stresses. These results suggest that 
clusterin interacts with and stabilises slowly aggregating proteins but is una- 
ble to stabilise rapidly aggregating proteins. Collectively, these results suggest 
that during its chaperone action, clusterin preferentially recognises partly fol- 
ded protein intermediates that are slowly aggregating whilst venturing along 
their irreversible off-folding pathway towards a precipitated protein 145 . 

Using sequence analyses, it was shown that clusterin likely contains three 
long regions of natively disordered or molten globule-like structures conta- 
ining putative amphipathic alpha-helices. Natively disordered regions with 
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amphipathic helices form a dynamic, molten globule-like binding site provide 
clusterin the ability to bind to a variety of molecules 137 . 

Local acidosis is common at sites of tissue damage or stress. 
It was found by affinity chromatography and EUSA that the binding of clus- 
terin to glutathione-S-transferase, IgG, apolipoprotein A-l, and complement 
protein C9 was enhanced at mildly acidic compared to physiological pH. 
Analytical ultracentrifugation and gel filtration studies revealed that clusterin 
exists in different polymerization states with monomer occurring preferenti- 
ally at pH 5.5 and multimeric species at pH 7.5. Although circular dichro- 
ism showed little difference in the alpha-helical and beta-sheet contents of 
clusterin at pH 5 compared to pH 7.5, evidence for pH-dependent structural 
changes in clusterin was obtained from fluorescence experiments. pH titra- 
tions showed reversible changes in the fluorescence of tryptophan residues 
in clusterin. There was a reversible 2-fold increase in the fluorescence of the 
extrinsic probe 4, 4'-bis(l-anilinonaphthalene-8-sulfonate) bound to cluste- 
rin at pH 5.5 compared to pH 7.5. There was also a 3.5-fold increase in flu- 
orescence resonance energy transfer from tryptophan residues in clusterin to 
4,4'-bis(l-anilinonaphthalene-8-sulfonate) at pH 5.5 compared to pH 7.5. 
These data suggest that pH-induced changes in the structure of clusterin are 
responsible for its enhanced ability to bind protein ligands at mildly acidic 
pH 117 . 

Clusterin is the first chaperone shown to be activated by reduced pH. This 
unique mode of activation appears to result from an increase in regions of 
solvent-exposed hydrophobicity, which is independent of any major changes 
in secondary or tertiary structure. A model was proposed in which low pH- 
induced dissociation of clusterin aggregates increases the abundance of the 
heterodimeric chaperone-active species, which has greater hydrophobicity 
exposed to solution 146 . 

Truncated, nonglycosylated, nuclear clusterin variant 

In addition to the well characterized secreted form of the protein, there exists 
an intracellular, nuclear form of clusterin. This intracellular form of the protein 
was found to be induced to accumulate in the nucleus of two epithelial cell 
lines (HepG2 and CCL64) in response to treatment with transforming growth 
factor beta (TGF beta). It was demonstrated in vitro that clusterin protein can 
be translated from two in-frame ATG sites. Initiation from the first ATG enco- 
des for the secretory form of clusterin and initiation from the second ATG, 



located 33 amino acids downstream of the first and lacking the hydrophobic 
signal sequence, encodes for a truncated clusterin protein. This shorter form 
of clusterin is not recognized by microsomes and therefore not glycosylated, 
and it was postulated that it is retained intracellular^ and targeted to the 
nucleus due to the presence of an SV40-like nuclear localization sequen- 
ce (NLS). This mechanism of nuclear targeting of apoJ occurs in cells since 
the protein isolated from nuclei of TGF beta-treated cells and the in vitro- 
translated truncated form are identical by V8 protease analysis. These results 
suggest that the diverse physiological responses attributed to clusterin may 
be elicited through a common molecular mechanism involving a previously 
uncharacterized intracellular form of the protein 65 . 
Nuclear clusterin (nCLU) is an ionizing radiation (IR)-inducible protein that 
binds Ku70, and triggers apoptosis when overexpressed in MCF-7 cells. 
Endogenous nCLU synthesis is a product of alternative splicing. Reverse tran- 
scriptase-PCR analyses revealed that exon II, containing the first AUG and 
encoding the endoplasmic reticulum-targeting peptide, was omitted. Exons 
I and III are spliced together placing a downstream AUG in exon III as the 
first available translation start site. This shorter mRNA produces the 49-kDa 
precursor nCLU protein. Ku70 binding activity was localized to the C-terminal 
coiled-coil domain of nCLU. Leucine residues 357, 358, and 361 of nCLU 
were necessary for Ku70-nCLU interaction. The N- and C-terminal coiled- 
coil domains of nCLU interacted with each other, suggesting that the protein 
could dimerize or fold. Mutation analyses indicate that the C-terminal NLS 
was functional in nCLU with the same contribution from N-terminal NLS. The 
C-terminal coiled-coil domain of nCLU was the minimal region required for 
Ku binding and apoptosis. MCF-7 cells show nuclear as well as cytoplasmic 
expression of GFP-nCLU in apoptotic cells. Cytosolic aggregation of GFP-nCLU 
was found in viable cells. These results indicate that an inactive precursor of 
nCLU exists in the cytoplasm of non-irradiated MCF-7 cells, translocates into 
the nucleus following IR, and induces apoptosis 149 . 
During the course of a study to examine the effect of cycloheximide on apo- 
ptosis-related genes, the variant rat clusterin mRNA deficient of the exon 5 
was found. The putative protein encoded by the variant clusterin mRNA is 
only constituted from the N-terminal one-third portion of the ordinary clus- 
terin protein. The expression of the variant form was increased dramatically 
by cycloheximide treatment, while that of the ordinary form was not affected 
very much. The similar phenomenon was also observed by the use of other 
types of protein synthesis inhibitors, anisomycin and emetine. The enhance- 
ment of expression of the variant was observed in the rat treated with heat 
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shock as well. The variant form was presumably generated by the exon skip 
mechanism. Systematic analyses of cycloheximide effect on the alternative 
splicing at various splicing junctions were performed. However, cycloheximide 
did not exhibit any remarkable effects on other types of alternative splicing, 
including exon skip in beta A4-amyloid protein precursor (APP) gene, alterna- 
tive donor selection in Fas antigen gene and alternative acceptor selection in 
catechol O-methyltransferase (COMT) gene. These results indicated that the 
induction of exon skip by both protein synthesis inhibition and heat shock 
treatment occurs in a limited number of genes, if not only in clusterin 68 . 
A cDNA clone designated pi 16 was isolated from rat seminal vesicles. 
A sequence study suggested the expression of a transcript predicting an 
alternative form of clusterin. RT-PCR demonstrated the androgen-depen- 
dent expression of pi 16 transcript in the seminal vesicles, ventral prostate, 
the liver and the thymus. Since clusterin has been suggested as a classical 
molecular marker of apoptosis, pi 16 transcript newly identified in the this 
study might provide a useful probe to further understand the roles of cluste- 
rin and its related proteins during the course of apoptotic process not only 
in male accessory sex organs, but also in many types of cells undergoing 
apoptosis 92 . 

A similar variant mRNA lacking exon 5 was also induced by heat shock treat- 
ment of the human culture cell line HepG2. On the other hand, in mouse cell 
line L929, heat shock treatment induced a variant clusterin mRNA lacking 
only a small region located in exon 5. However, irrespective of the difference 
of mechanism of variant production, all the variant clusterin mRNA species 
derived from each animal species encoded a putative protein constituted 
from the N-terminal one-third of the clusterin protein attached to a C-termi- 
nal clusterin unrelated tail. In humans, the variant clusterin species was not 
detected in normal tissues but was present in certain kinds of tumour cells. 
These results indicate that the splicing variants were induced as a direct 
result of heat shock treatment on cells per se and that the phenomenon of 
heat shock induction was observed in culture cells derived from different 
animal species 84 . 

Clusterin can evade the secretory pathway 

In live intact cells, under certain stress conditions, clusterin can evade the 
secretion pathway and reach the cytosol.This was demonstrated using seve- 
ral complementary approaches. Flow cytometry and selective permeabiliza- 
tion of U251 cell membranes with digitonin allowed detection of cytosolic 
clusterin in stressed U251 cells. In addition, a stringent enzymatic assay 



reliant upon the exclusively cytosolic deubiquitinase enzymes confirmed that 
clusterin synthesized with its hydrophobic secretion signal sequence can 
reach the cytosol of U251 cells. The retrotranslocation of clusterin is likely to 
occur through a mechanism similar to the endoplasmic reticulum (ER)-asso- 
ciated protein degradation pathway and involves passage through the Golgi 
apparatus. ER-associated ubiquitin ligase Hrdl/synoviolin can interact with, 
and ubiquitinate clusterin 181 . 

Clusterin and HDL 

Clusterin was also termed apolipoprotein J (apoJ), and was purified from 
human plasma by immunoaffinity chromatography and found to be asso- 
ciated with high density lipoproteins (HDL) and specifically with subclasses 
of HDL which also contain apoAl and cholesteryl ester transfer protein acti- 
vity 3 . 

Apolipoprotein J (apoJ)-containing high-density lipoproteins (HDL), isolated 
from human plasma by immunoaffinity chromatography, are associated with 
apoAl and a protein of approximately 44 kDa.The 44-kDa protein, a mono- 
meric glycoyslated polypeptide, was identified by N-terminal sequencing as 
serum paraoxonase. Not all of the plasma paraoxonase is associated with 
apoJ. Both oxidation states of paraoxonase bind to apoJ with equal affini- 
ty. These data combined with other evidence suggest that the plasma link 
of apoJ with paraoxonase might be implicated as a predictor of vascular 
damage 40 . 

Purified apoJ added directly to apoJ-depleted plasma can interact with apoAl 
or with apoAI-containing lipoproteins, as evidenced by the association of 
apoAl with apoJ that is reisolated by immunoaffinity chromatography. The 
amount of apoAl associated with apoJ increases linearly with increasing 
amount of apoJ added, over the range of apoJ concentrations tested. No 
other known apolipoprotein is associated with apoJ. By two-dimensional 
electrophoretic analysis, the lipoproteins containing both apoJ and apoAl 
have approximate molecular masses of 350-400 kDa. Taken together, the 
results suggest that the interaction between apoJ and apoAl is physiologi- 
cally important and that lipoproteins which contain both apoJ and apoAl 
can be produced in the plasma. ApoJ-HDL and apoJ/apoAI-HDL may have 
different functions and metabolic fates or may represent different stages of 
apoJ catabolism 26 . 

It was demonstrateh that HepG2 human hepatocellular carcinoma cells 
secrete apoJ in association with a significant amount of lipid, providing 
unequivocal evidence that apoJ can transport lipids. The HepG2 cell line 
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has provided important clues about the structural organization of nascent 
lipoprotein particles. HepG2 cell apoJ-containing lipoproteins are dense and 
heterogenous in size, ranging from 100 to 910 kDa. Plasma and HepG2 cell 
apoJ-lipoproteins differ in size distribution. Both have alpha 2 electrophoretic 
mobility, although their average mobilities differ within the alpha 2 region. In 
contrast to plasma apoJ-HDL which contain little triglyceride and which can 
associate with apoA-l, HepG2 cell apoJ-lipoproteins are rich in triglyceride 
and lack apoA-l. By implication, nascent apoJ-lipoproteins undergo plasma 
remodeling that results in triglyceride depletion and apoA-l association. We 
propose that the metabolic consequences of this remodeling play an impor- 
tant role in lipid homeostasis in localized tissue environments, particularly 
where organs are isolated from the blood by cellular barriers such as in testis 
and brain. In such tissues, apoJ is expressed constitutively in high level com- 
pared to other lipid transport proteins 27 . 

Clusterin is a positive acute phase protein 

Endotoxin (LPS), tumor necrosis factor (TNF), and interleukin (IL)-l increased 
hepatic mRNA and serum protein levels of clusterin in Syrian hamsters. Hep- 
atic clusterin mRNA levels increased 10- to 15-fold with doses of LPS from 
0.1 to 100 micrograms/ 100 g body weight within 4 h and were elevated for 
> or = 24 h. Serum clusterin concentrations were significantly increased by 
16 h and further elevated to 3.3 times that of control, 24 h after LPS admi- 
nistration. Serum clusterin was associated with high density lipoprotein and 
increased fivefold in this fraction, after LPS administration. Hepatic clusterin 
mRNA levels increased 3.5- and 4.6-fold, with TNF and IL-1, respectively, and 
8.2-fold with a combination of TNF and IL-1. Serum clusterin concentrations 
were increased 2.3-fold by TNF 79% by IL-1, and 2.9-fold with a combinati- 
on of TNF and IL-1. These results demonstrate that apo J is a positive acute 
phase protein 51 . 

Clusterin receptors 

LRP-2 

Clusterin has three independent classes of binding sites for 1) LRP-2, 2) 
Stressed proteins, and 3) Ustressed ligands, respectively, and the binding 
sites for LRP-2 and stressed proteins are likely to be in parts of the molecule 
other than the C-terminal region of the alpha-chain or the N-terminal region 
of the beta-chain. It has been suggested that, in vivo, clusterin binds to toxic 
molecules in the extracellular environment and carries these to cells expres- 



sing LRP-2 for uptake and degradation. This hypothesis is supported by the 
demonstration that clusterin has discrete binding sites for LRP-2 and other 
(potentially toxic) molecules 138 . 

Glycoprotein 330 (gp330), low density lipoprotein receptor-related protein- 
2/megalin (LRP-2) is a member of a family of endocytic receptors related 
to the low density lipoprotein receptor. gp330 has previously been shown 
to bind a number of ligands in common with its family member, the low 
density lipoprotein receptor-related protein (LRP). To identify ligands speci- 
fic for gp330 and relevant to its localization on epithelia such as in the 
mammary gland, gp330-Sepharose affinity chromatography was performed. 
As a result, a 70-kDa protein was selected from human milk and identified 
by protein sequencing to be apolipoprotein J/clusterin (apoJ). Solid-phase 
binding assays confirmed that gp330 bound to clusterin with high affinity 
(Kd = 14.2 nM). Similarly, gp330 bound to clusterin transferred to nitrocellu- 
lose after SDS-polyacrylamide gel electrophoresis. LRR however, showed no 
binding to clusterin in either type of assay. The binding of gp330 to clusterin 
could be competitively inhibited with excess clusterin as well as with the 
gp330 ligands apolipoprotein E, lipoprotein lipase, and the receptor-associ- 
ated protein- a 39-kDa protein that acts to antagonize binding of all known 
ligands for gp330 and LRP Several cultured cell lines that express gp330 and 
ones that do not express the receptor were examined for their ability to bind 
and internalize 1251-clusterin. Only cells that expressed gp330 endocytosed 
and degraded radiolabeled clusterin. Furthermore, F9 cells treated with reti- 
noic acid and dibutyryl cyclic AMP to increase expression levels of gp330 
displayed an increased capacity to internalize and degrade clusterin. Cellular 
internalization and degradation of radiolabeled clusterin could be inhibited 
with unlabeled clusterin, receptor-associated protein, and gp330 antibodies. 
The results indicate that gp330 but not LRP can bind to apoJ in vitro and 
that gp330 expressed by cells can mediate clusterin endocytosis leading to 
lysosomal degradation 56 . 

After endocytosis, the LRP-2 is recycled back to the cell surface while clus- 
terin is delivered to the lysosomes for degradation. To provide additional 
evidence implicating LRP-2 in clusterin endocytosis, a receptor-associated 
protein (RAP), an antagonist of apo J binding to LRP-2, was injected into the 
efferent duct lumen. Subsequent immunocytological analysis of the efferent 
duct showed that the RAP treatment abolished the endocytosis of apo J by 
the nonciliated cells. Taken together, these data indicate that LRP-2 is a likely 
mediator of apo J endocytosis by the nonciliated efferent duct cells 69 . 
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TGF-betaRI and II 

Clusterin interacts with both the type I (Rl) and type II (Rll) TGF beta recep- 
tors but does not interact with the epidermal growth factor (EGF) receptor. 
The interaction between Rll and clusterin occurs through the C-terminal 127 
amino acids of Rll. Deletion of this region, which contains the kinase insert 2 
domain, abrogates binding to clusterin. The binding of clusterin to either the 
Rl and the Rll receptors is direct, not requiring other proteins, and is not spe- 
cific for the alpha or beta subunit of apoJ since both subunits are effective in 
competing for binding. Rl and Rll fusion proteins are capable of precipitating 
the 60 kDa intracellular form of apoJ from [35S]methionine-labeled cellular 
lysates, suggesting that this form of the protein may play some role in TGF 
beta signaling orTGF beta receptor processing 61 . 
Clusterin is also a modulator of TGF-beta signaling by regulating Smad2/3 pro- 
teins. Overexpression of clusterin enhanced TGF-beta-induced transcriptional 
activity and increased the amount of Smad2/3 proteins, while clusterin siRNA 
repressed TGF-beta-induced transcriptional activity and decreased the amount 
of Smad2/3 proteins in Hep3B cells. Clusterin is also involved in Smad2/3 
stability at the protein level. These findings suggest that CLU regulates TGF- 
beta signaling pathway by modulating the stability of Smad2/3 proteins 190 . 

» CLUSTERIN REGULATION 

Both a transient heat shock (20 min at 42 degrees C) and various oxidative 
stresses, including hydrogen peroxide, superoxide anion, hyperoxia and UVA 
exposure, induce a strong increase in clusterin mRNA levels as assessed by 
northern blot. Nuclear run-on analysis suggests that transcriptional activation 
is involved in inducing clusterin mRNA in response to heat shock. Using pul- 
se-chase analysis of control and heat shocked cells, it is shown that clusterin 
mRNA is translated and secreted, thus resulting in increased extracellular 
levels of the protein following heat shock. To investigate the function of clus- 
terin in response to these stresses, clusterin anti-sense transfectants that 
stably express virtually no clusterin at the mRNA and protein level were gene- 
rated in A431 cells. These anti-sense transfectants are shown to be highly 
sensitive to apoptotic cell death induced by heat shock or oxidative stress 
compared with wild-type A431 cells or control transfectants. Taken together, 
these results show that clusterin gene expression is induced in response to 
heat shock and oxidative stress in human A431 cells, and confers cellular 
protection against heat shock and oxidative stress 106 . 



Clusterin gene and promoter 

The only DNA region strictly conserved between clusterin gene proximal pro- 
moters from different vertebrate classes is a 14-bp DNA element which is 
specifically recognized by the HSF1 (and HSF2169) transcription factor and 
which can mediate heat-shock-induced transcription in transient expression 
assays. Conversely, the avian clusterin proximal promoter, point-mutated at 
the level of this element, no longer transmits heat-shock activation. These 
findings provide a possible explanation for the high sensitivity of clusterin 
expression to environmental changes and allow the classification of clusterin 
as an extracellular version of heat-shock protein 85 . 
The gene encoding rat clusterin was isolated and characterized, and its 
cytosine methylation pattern in various tissues was analyzed. Several putative 
regulatory DNA elements were identified, including a consensus AP-1 site in 
the 5' flanking region. Two AP-1 sites and two transforming growth factor-beta 
inhibitory elements, one AP-2 site and eight half-sites for glucocorticoid/ 
androgen response elements were found within the first intron, and one cAMP 
response element was found in the first exon.The cytosine methylation pat- 
tern indicated that testicular or epididymal DNA in the rat is hypomethylated 
in the region between positions -534 and -99 of the clusterin gene, when 
compared with tissues with lower levels of expression such as prostate as 
well as liver, lung, kidney and spleen 49 . 

Human clusterin gene contains a Myb binding site in its 5' flanking region, 
which interacts with bacterially synthesized B-MYB protein and mediates B- 
MYB-dependent transactivation of the clusterin promoter in transient trans- 
fection assays. Endogenous clusterin expression is induced in mammalian 
cell lines following transient transfection of a B-MYB cDNA. Blockage of 
secreted clusterin by a monoclonal antibody results in increased apoptosis 
of neuroblastoma cells exposed to the chemotherapeutic drug doxorubicin. 
Thus, activation of clusterin by B-MYB may be an important step in the regu- 
lation of apoptosis in normal and diseased cells 119 . 
The Wnt signaling pathway specifically regulates one out of three clusterin 
mRNA variants via TCF1. This clusterin transcript is shorter at the 5' end than 
reported by the RefSeq database, and produces the intracellular 60 kDa CLU 
protein isoform which is secreted as a -80 kDa protein after post-translati- 
onal processing 184 . 
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TGFbeta 

TGFbeta stimulates both clusterin mRNA and protein levels, and induces its 
accumulation in the nucleus of CCL64 cells. A 1.3-kilobase rat clusterin pro- 
moter/luciferase reporter construct was created and it was demonstrated 
that TGFbeta enhances luciferase activity 2.5-6-fold in transient transfection 
assays of epithelial, endothelial, and fibroblast cell lines. Deletional analy- 
sis reveals that an AP-1-binding site (5'-TGAGTCA) in the minimal promoter 
region is necessary for initiating transactivation by TGFbeta. A single T to G 
base mutation in the AP-1 site (5'-TGAGGCA) abolishes TGFbeta-induced 
clusterin promoter transactivation. In transcription factor decoy experiments, 
23-mer oligonucleotides of wild type AP-1 reduce TGFbeta induction of clus- 
terin mRNA levels and promoter transactivation, while an oligonucleotide 
containing the mutated AP-1 site has no effect. Two specific protein kinase 
C inhibitors, GF109203X and calphostin C, block TGFbeta-induced clusterin 
mRNA levels and promoter transactivation. Together these results indicate 
that TGFbeta regulates clusterin gene expression through an AP-1 site and 
its cognate transcription factor AP-1, and requires the involvement of protein 
kinase C 81 . 

OX-PAPC and lnterleukin-6 

Treatment of HepG2 cells with oxidized l-palmitoyl-2-arachidonyl-sn-glyce- 
ro-3-phosphoryl choline (OX-PAPC), or biologically active lipids present in 
mildly oxidized low density lipoprotein, increased clusterin, and decreased 
paraoxonase (PON) mRNA levels. Antibodies to IL-6 blocked these changes. 
IL-6 treatment in the absence of OXPL produced the same pattern of mRNA 
changes observed with OXPL treatment alone. In vivo, OX-PAPC injected into 
C57BL/6J mice resulted in a marked reduction in PON activity and an incre- 
ase in clusterin levels in plasma after 16 h. Injection of OX-PAPC into IL-6- 
deficient C57BL/6J mice (IL-6 -/-) did not alter either PON activity or apoJ 
levels 123 . 

Glucocorticoids 

In the kidney-derived epithelial cell line MDCK, clusterin mRNA is repressed by 
glucocorticoids and by progesterone. Treatment with epidermal growth factor 
also represses clusterin gene expression in MDCK cells. Incubation with 12- 
0-tetradecanoyl-phorbol-13-acetate, which activates protein kinase C (PKC), 
induces clusterin mRNA, while chelerythrine, an inhibitor of PKC, represses 
clusterin gene expression, suggesting that the clusterin gene responds to 
signalling pathways involving PKC 73 . 



Lactogenic Hormones 

The effect of lactogenic hormones and EGF on the expression of involution-indu- 
ced genes in HC11 mammary epithelial cells was studies. Insulin, dexamet- 
hasone, prolactin, and its combinations did not affect expression of the genes. 
When cells were cultured in growth medium containing EGF the expression of 
clusterin was strongly inhibited in a dose- and time- dependent manner 83 . 

Angiotensin II 

Angiotensin II suppression of clusterin expression in the liver of hypertensive 
rats may represent a specific response to high levels of circulating angio- 
tensin II or a response to hypertensive injury 100 . 

Testosterone 

Testosterone repressed clusterin gene expression is rapidly induced in early 
involution of the mouse mammary gland, after weaning, and in the rat ventral 
prostate, after castration. A search for involution-enhanced DNasel footprints 
in the proximal mouse clusterin gene promoter led to the identification and 
characterization (by DNase I footprinting and EMSA) of a twin nuclear factor 
1 (NF1) binding element at -356/-309, relative to the proposed transcripti- 
on start site; nuclear extracts from 2-day involuting mouse mammary gland 
showed an enhanced footprint over the proximal NF1 element; extracts from 
involuting prostate showed enhanced occupancy of both NF1 binding ele- 
ments. Subsequent EMSA and Western analysis led to the detection of a 
74-kDa NF1 protein whose expression is triggered in early involution in the 
mouse mammary gland; such an induced protein is not found in the involu- 
ting rat ventral prostate. This protein was not found in lactation where three 
other NF1 proteins of 114, 68, and 46 kDa were detected. Reiteration of 
the epithelial cell apoptosis associated with early mammary gland involu- 
tion, in vitro, in a primary cell culture system, triggered the appearance of 
the 74-kDa NFL Overlaying the cells with laminin-rich extracellular matrix 
suppressed the apoptosis and the expression of the 74-kDa NF1 and, in 
the presence of lactogenic hormones, initiated milk protein gene expression 
and the expression of two of the lactation-associated NF1 proteins (68 and 
46 kDa). This study, thus, identifies the occurrence of a switch in expression 
of different members of the family of NF1 transcription factors as mammary 
epithelial cells move from the differentiated to the involution/apoptotic sta- 
te, and it is likely that the involution-specific 74-kDa NF1 accounts for the 
enhanced NF1 footprint detected on the clusterin promoter with extracts of 
mouse mammary gland 75 . 
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To investigate whether endocrine disrupters affect spermatogenesis through 
an clusterin-dependent mechanism, daily oral doses of testosterone (50, 200 
and 1,000 microg/kg), flutamide (1, 5 and 25 mg/kg), ketoconazole (0.2, 
1, 5 and 25 mg/kg), diethylhexylphthalate (10, 50 and 250 mg kg), nonyl- 
phenol (10, 50, 100 and 250 mg/kg), octylphenol (10, 50 and 250 mg kg), 
diethylstilbesterol (10, 20 and 40 microg/kg) or corn oil (control) were admi- 
nistered to 5 week-old, male Sprague-Dawley rats for 3 weeks. Following 
treatment with these endocrine disrupters, testicular expression of clusterin 
mRNA was analyzed using reverse transcription-polymerase chain reaction. 
Compared with the control, the lowest dose of testosterone (50 microg/ 
kg/day) significantly increased expression of clusterin mRNA, whereas 200 
and 1,000 microg/kg/day testosterone significantly decreased the expres- 
sion (P<0.05). Flutamide, ketoconazole, diethylhexylphthalate, nonylphenol, 
octylphenol and diethylstilbesterol significantly decreased clusterin mRNA 
expression in testes at all doses studied, with the exception of 1 mg/kg/day 
flutamide (P<0.05). These results suggest that endocrine disrupters might 
decrease spermatogenesis in testes by decreasing expression of clusterin 
mRNA 183 . 



Thyroid Hormones 

Clusterin was found to be down-regulated by thyroid hormones in HepG2 
cell line 158 . 

Thrombin 

Thrombin (10(-8) M) increased clusterin mRNA levels two- to fourfold in glo- 
merular mesangial, glomerular epithelial, and proximal tubule epithelial cells. 
This was a specific effect of thrombin receptor activation because peptides 
corresponding to the tethered ligand of the thrombin receptor were also able 
to increase clusterin mRNA levels. Epidermal growth factor, insulin-like grow- 
th factor-1, and transforming growth factor-beta 1 had little or no effect on 
clusterin mRNA levels. The protein kinase C inhibitor RO-32-0432 (1 microM) 
inhibited the thrombin-induced increase in clusterin mRNA, suggesting that 
thrombin receptor activation may regulate renal clusterin mRNA levels th- 
rough protein kinase C 78 . 



APOPTOSIS 



Estrogens 

Clusterin mRNA expression in rat endometrial adenocarcinoma cells is tightly 
regulated by estrogens and anti-estrogens in vitro and in vivo, and there is a 
complex mechanism of regulation of clusterin expression in the normal and 
cancerous endometrium ". 

Vitamin A 

In vitamin A-deficient (VAD) rats before and after administration of all-trans 
retinoic acid (ATRA), genes, the transcription of which was influenced by AT- 
RA, were isolated. One gene was isolated, the transcription of which was 
reduced to about 70% by ATRA- clusterin. The effect of ATRA on clusterin 
expression may be direct, since the promoter of Sgp-2 contains a putative 
ATRA-responsive element (RARE) 94 . 

TSH 

A prominent secretory glycoprotein was detected in the culture medium of 
porcine thyrocytes which was identified as clusterin by microsequencing. 
Treatment of thyrocytes with thyroid stimulating hormone revealed a tight 
regulation of both synthesis and secretion of clusterin, with a distinct fraction 
of clusterin being always associated with the cells 115 . 



It has been shown that clusterin expression is only confined to surviving cells 
following the induction of apoptosis in vitro, suggesting that it is involved 
in cell survival rather than death 106 .0n the basis of its elevated expressi- 
on in apoptotic tissues, it was originally proposed that the protein might 
be casually involved in apoptosis. In contrast to the earlier notion, clusterin 
expression is not enhanced, but rather is down-regulated in the cells under- 
going apoptosis and that its expression in the apoptotic tissue is restricted to 
the vital neighboring cells. These results led to the proposal that rather than 
being a cell death gene, clusterin is a cell survival gene, exerting a protective 
function on the surviving bystander cells 61 . It was suggested that clusterin 
gene induction in the vital cells is produced by signaling molecules that are 
generated by the apoptotic cells and that apoptotic processes 108 . Exposure 
of vital fibroblasts to apoptotic vesicles, disrupted vital cells, and trypsin-tre- 
ated membrane remnants induces clusterin mRNA. Moreover, lipid vesicles 
consisting of phosphatidylserine (PtSer) and dimyristoylphosphatidylcholine 
(PC), but not liposomes with PC alone nor with dimyristoylphosphatidyle- 
thanolamine or phosphatide acid, did elevate clusterin mRNA level. These 
results suggest that, apart from mediating the endocytic uptake of the apo- 
ptotic vesicles, PtSer also serves as a trigger to stimulate the expression of 
genes that might be involved in the cellular clearance process 131 . 
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Intracellular clusterin inhibits apoptosis by interfering with Bax activation 
in mitochondria. Intriguingly, in contrast to other inhibitors of Bax, clusterin 
specifically interacts with conformation-altered Bax in response to chemo- 
therapeutic drugs. This interaction impedes Bax oligomerization, which leads 
to the release of cytochrome c from mitochondria and caspase activation. 
Moreover, we also find that clusterin inhibits oncogenic c-Myc-mediated 
apoptosis by interacting with conformation-altered Bax. Clusterin promotes 
c-Myc-mediated transformation in vitro and tumour progression in vivo. Taken 
together, these results suggest that the elevated level of clusterin in human 
cancers may promote oncogenic transformation and tumour progression by 
interfering with Bax pro-apoptotic activities 168 . 

Biological effects of intracellular clusterin were studied and it was obser- 
ved observed that clusterin forms containing the alpha-chain region strongly 
accumulated in an ubiquitinated form in juxtanuclear aggregates meeting 
the main criterions of aggresomes and leading to profound alterations of 
the mitochondrial network. The viability of cells transfected by intracellular 
forms of clusterin was improved by overexpression of Bcl-2, and caspase 
inhibition was capable of rescuing cells expressing clusterin, which presented 
an altered mitochondrial permeability. It is propose that, although it might 
be an inherently pro-survival and anti-apoptotic protein expressed by cells 
under stress in an attempt to protect themselves, clusterin can become high- 
ly cytotoxic when accumulated in the intracellular compartment 151 . 

Confocal microscopy demonstrates that the nuclear accumulation of cluste- 
rin is coincident with DNA fragmentation. These data suggest that, at least 
in secretory epithelial cells, retrograde transport from the Golgi to the ER of 
a nonglycosylated, uncleaved isoform and the subsequent translocation of 
clusterin to the nucleus occur in dying cells 156 . 

Accumulation of clusterin mRNA, whose rate of expression has been associ- 
ated to the processes of programmed cell death induced by dexameasone 
in rat thymocytes, preceded the appearance of DNA degradation, starting to 
increase as early as 30 min after steroid injection, and maintained higher 
than controls until 8 hrs 5 . 

A number of inducible leucocyte models of apoptosis was examined, inclu- 
ding glucocorticoid and calcium ionophore induced thymocyte death, 'aged' 
neutrophils and cytotoxic T cells, and it was found that, in these situations, 



cell death is not associated with up-regulation of clusterin gene expression. 
The finding that clusterin is not expressed in all cells undergoing apoptosis 
would suggest that this molecule is not critical to the mechanism of cell 
death. It does, however, provide the first example of a readily detectable 
marker which is differentially expressed in cells undergoing apoptosis and 
adds further weight to the argument that apoptosis is not a uniform pheno- 
menon, but is dependent on the nature of the cells involved and the means 
of induction 31 . Another study reports that the expression of clusterin mRNA 
was confined to cells present in the thymic medulla, concentrated mainly 
around Hassal's bodies raising the possibility that the secreted protein is 
involved in the disposal of cell debris resulting from thymocyte apoptosis 30 . 
The expression of this gene in the rat thymus after the induction of thymo- 
cyte programmed cell death (PCD) by in vivo dexamethasone administration 
was studied. Northern blot analysis of clusterin mRNA 2, 4, 6 and 8 hr after 
dexamethasone administration in a total of 21 rats revealed no modification 
in the level of clusterin gene expression. In situ hybridization demonstrated 
that clusterin gene expression is macroscopically confined to the medullary 
region of the thymus, and that this distribution is not modified by dexamet- 
hasone administration. These results strongly suggest that in the rat, clusterin 
gene expression is not associated with the programmed cell death of thymo- 
cytes following in vivo dexamethasone administration 46 . Rat thymocytes were 
treated with dexamethasone and clusterin mRNA expression was analyzed 
by semi-quantitative RT-PCR before and after induction of apoptosis. Inte- 
restingly, neither the treatment with dexamethasone in vitro nor triggering of 
apoptosis in vivo up- regulated clusterin expression, opposing the view that 
clusterin is involved in apoptotic processes 150 . 

To assess the relationship between cell proliferation and cell death, the mRNA 
accumulation of ornithine decarboxylase (ODC) and clusterin were measured 
in human peripheral blood lymphocytes (HPBL) 2-6 hours after stimulation 
with phytohemagglutinin (PHA). ODC is the rate limiting enzyme of polyami- 
nes biosynthesis and its early induction in mitogen-stimulated lymphocytes 
has been reported. On the other hand, clusterin, a glycoprotein present in 
most mammalian tissues, is induced in classical models of apoptosis, such 
as dexamethasone-treated thymocytes. Indeed, a consistent amount of clus- 
terin mRNA in quiescent HPBL, an early and progressive decrease of clusterin 
mRNA and a parallel increase of ODC mRNA accumulation, were observed, 
in PHA-stimulated HPBL, suggesting that concomitant repression of clusterin 
and induction of ODC genes contribute for the cell entering the cell cycle u . 
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A single administration of the inhibitor of protein synthesis cycloheximide 
results in the occurrence of apoptosis in rat liver. The presence of intracel- 
lular apoptotic bodies was detected as early as 2 hours after treatment. No 
evidence of cell necrosis could be observed by histologic and biochemical 
analysis. Apoptosis was followed by an increased expression of clusterin 
RNA, a gene whose activity has been associated to apoptotic cell death in 
involuting rat prostate. The finding of in vivo induction of apoptosis in nonpro- 
liferating cells by an inhibitor of protein synthesis, together with the rapidity 
and synchrony in the occurrence of cell death make this model potentially 
useful for the analysis of the kinetics of the apoptotic cycle and in exploring 
some of the mechanisms of regulation of genes possibly involved in this type 
of cell death 17 . 

In the ovary, PMSG treatment alone (48 h), and in combination with hCG, 
dramatically reduced clusterin mRNA to 12-27% of controls (P less than 
0.01). Clusterin levels were not elevated until 7 days after hCG; levels then 
remained constant through day 14 of pseudopregnancy. Since luteal pro- 
gesterone secretion begins to diminish 5-7 days after hCG, the increased 
expression of Clusterin on day 7 may be related to the initiation of the regres- 
sion/degeneration of luteal cells which occurs during luteolysis. Thus, this 
study demonstrates that alterations in Clusterin expression by the ovary may 
precede or occur simultaneously with cellular events initiating luteolysis and 
suggests a role for this glycoprotein as an early marker for luteolysis and 
implicates it in yet another instance of programmed cell death 20 . 

Using three different models of PCD: (a) ultraviolet B (UV-B) irradiation of 
human U937,Hel_a,and A431 cell lines, (b) in vitro aging of human periphe- 
ral blood neutrophils (PMNs), and (c) dexamethasone-induced cell death of 
the human lymphoblastoid cell line CEM-C7, it was shown that the classical 
morphological and biochemical features of PCD observed did not correlate 
with an increase, but with either a marked decrease or an absence of clus- 
terin gene expression as assessed by Northern blot analysis. In situ hybridi- 
zation of U937 and A431 cells after UV-B irradiation revealed, in addition, 
that only morphologically normal cells that are surviving continue to express 
the clusterin gene. These results demonstrate that in the human myeloid, 
lymphoid, and epithelial cell types studied, clusterin gene expression is not a 
prerequisite to their death by apoptosis. In addition, and most interestingly, 
in situ hybridization of U937 and A431 cells revealed that only surviving cells 
express the clusterin gene after the induction of PCD, thus providing novel 



evidence suggesting that clusterin may be associated with cell survival within 
tissues regressing as a consequence of PCD 41 . 

A study study was carried out in an attempt to establish the function of clus- 
terin in programmed cell death using tumor necrosis factor (TNF) alpha-indu- 
ced cytotoxicity in LNCaP cells as the model system. LNCaP is an androgen- 
sensitive, human prostatic cancer cell line that responds to TNF in culture by 
undergoing programmed cell death, as determined by the loss of cell number, 
failure to exclude trypan blue, detection of DNA fragmentation, and increased 
release of previously incorporated [3H]thymidine. Immunocytochemical sta- 
ining for clusterin was weak but evident in LNCaP cells. Following treatment 
with TNF alpha, there was a time-dependent increase in clusterin staining, the 
intensity of which peaked at 2 h and declined thereafter, clusterin staining in 
LNCaP cells was undetectable prior to the onset of DNA fragmentation at 6 h 
of TNF treatment. This observation indicated thatTNF-induced cell death in 
LNCaP cells was characterized by an initial transient elevation of clusterin, fol- 
lowed by a period of clusterin depletion that preceded cell death. Transfection 
of LNCaP with a 21-base oligonucleotide antisense to clusterin resulted in a 
significant increase in cell death that was sequence specific and was accom- 
panied by a reduction in clusterin biosynthesis. These findings supported the 
concept that clusterin depletion, rather than its expression, was associated 
with cell death. Finally, stable transfection and subsequent overexpression of 
clusterin in LNCaP cells resulted in resistance to the cytotoxic effect of TNF 
These results have provided evidence to indicate that clusterin plays a role in 
the protection ofTNF-induced cell death in LNCaP cells 55 . 

LNCaP cells are highly sensitive to the cytotoxic effect of TNF while PC3 cells 
are resistant to TNF at 24 hr. Cells were cultured in the presence or absence 
of TNF (10 ng/ml). LNCaP cells were treated with varying concentrations of 
exogenous SGP-2, while PC3 cells were treated with antisera to SGP-2 with 
and without exogenous SGP-2. Following a 24-hr treatment, cultures were 
assessed by counting of cell number and by the trypan blue exclusion assay. 
Western blot analysis of conditioned media revealed that PC3 secreted more 
SGP-2 than did LNCaP The sensitivity to TNF in LNCaP cells was reduced by 
the addition of exogenous SGP-2. PC3 cells became sensitive to TNF when 
SGP-2 antibody was added to the culture. The effect of SGP-2 antibody on 
PC3 cells was reversed by the addition of exogenous SGP-2 to the culture. 
CONCLUSIONS: These results suggest that SGP-2 can act as an extracellular 
mediator of anti-TNF-induced cytotoxicity 109 . 
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High levels of clusterin expression, about 0.2 pg clusterin secreted per cell 
per 48 h period, specifically protected L929 cells from TNFalpha-mediated 
cytotoxicity, while low expression (about 4 fg/cell/48 h) had no effect. How- 
ever, clusterin expression did not provide transfected L929 cells with pro- 
tection against death mediated by colchicine, staurosporine or azide. High 
level expression of clusterin in transfected L929 cells also potentiated the 
cytotoxicity of TGFbeta. It had previously been shown that exposure of L929 
cells to TGFbeta provides protection against TNFalpha. This showed that this 
protective effect is not additive to that of clusterin expression. One inter- 
pretation of this data is that it suggests that clusterin and TGFbeta may act 
via a common mechanism to provide protection against the cytotoxicity of 
TNFalpha. These results indicate that an intracellular action of clusterin pro- 
tein is responsible for protection against TNFalpha cytotoxicity. Exposure to 
TNFalpha induces an increase in the level of cell-associated clusterin and 
specifically in the level of a novel clusterin molecule, which when analyzed 
under reducing conditions by SDS/PAGE and immunoblotting appears as two 
closely spaced bands at about 36 and 38.5 kDa. When analyzed under the 
same conditions, the normal form of intracellular clusterin, which is present 
with or without exposure to TNFalpha, appears as two poorly resolved bands 
at about 43-45 kDa. Since the novel form of clusterin is also expressed in 
cells exposed to TGFbeta, colchicine, staurosporine, and azide, it may result 
from toxin-induced disruption of processes of normal cellular protein produ- 
ction 86 . 

A double-stable prostatic cell line was established for inducible clusterin by 
using the Tet-On gene expression system. 50% of the cells over expressing 
clusterin escaped from TNF and actinomycine D induced cell death. Moreover, 
the incubation of MLL cells with conditioned medium containing the secreted 
clusterin or the supplementation of purified clusterin in the extracellular 
medium decreased significantly the TNF-induced apoptosis.This extracellular 
action implicates megalin, the putative membrane receptor for clusterin to 
mediate survival. Indeed clusterin over expression up regulated the expressi- 
on of megalin and induced its phosphorylation in dose dependent manner. 
We interestingly showed that clusterin over expression is associated with the 
up-regulation of the phosphorylation of Akt. Activated Akt induced the phos- 
phorylation of Bad and caused a decrease of cytochrome c release. These 
results enable us to pinpoint one mechanism by which secreted clusterin 
favours survival in androgen independent prostate cancer cells, implicating 
its receptor megalin and Akt survival pathway 192 . 



Apoptotic elimination of intestinal cells following irradiation has been stu- 
died in the small and large intestine of the rat, and correlated with the level 
of expression and localization of clusterin mRNA. Clusterin was moderate- 
ly expressed in normal intestine where only small levels of apoptosis were 
found. After irradiation, however, there was a temporal correlation between an 
increased apoptotic index and increased clusterin expression. Localization of 
clusterin mRNA by in situ hybridization identified extensive labelling in the 
lower part (Paneth cell region) of small intestinal crypt, whereas epithelial 
cells in the large intestine were diffusely labelled. Clusterin expression was 
not localized over apoptotic cells and its role may be as a cell protection 
factorforsurviving cells, as had been suggested by others. Clusterin may also 
be involved in remodelling of the intestinal crypt after radiation damage, a 
process that includes altering cell-to-cell contact, apoptosis, and sloughing 
of the dead cells from the intestinal villi. These results do show a close tem- 
poral link between apoptosis and clusterin expression, and, as such, expres- 
sion of the gene may be a useful indicator of presence of apoptosis in the 
irradiated intestine 64 . 

As was shown that within these tissues clusterin is expressed in the surviving 
rather than in the dying cells, and that clusterin gene expression is actually 
down-regulated in the apoptotic cells, a study examined the expression of 
the clusterin gene in apoptotic MDCK cells. Cell death was initiated by three 
different stimuli: application of the steroid hormone antagonist RU 486, acti- 
vation of protein kinase C by the application of the phorbol ester TPA, and- 
since clusterin is involved in lipid and cholesterol transport—perturbation of 
cell membranes by cholesterol. It was shown that clusterin gene expression 
was repressed in cells undergoing apoptosis in response to the application 
of RU 486 and TPA, but was unchanged in cells in which apoptosis has been 
triggered by cholesterol treatment 59 . 

40 archival radical prostatectomy and/or biopsy specimens of varying grades 
of prostate cancer were subjected to immunohistochemical SGP-2 staining. 
The resulting epithelial stains were quantified subjectively on a scale of 1-3 
by four independent observers. Benign prostatic epithelial cells from young 
donors served as controls and showed a consistently weak staining intensity. 
In contrast, prostate cancer specimens showed varying degrees of staining 
intensity that correlated with a Gleason pattern (P = 0.006). This correlation 
supports the hypothesis that protection from apoptotic death may account, 
in part, for biologically aggressive tumor behavior 104 . 
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Complement, Inflammation and Sepsis 

Clusterin/human complement lysis inhibitor (CU) is incorporated stoichio- 
metrically into the soluble terminal complement complex and inhibits the 
cytolytic reaction of purified complement components C5b-9 in vitrolO.The 
presence of <10% of the circulating clusterin in its heterodimeric, active form 
could reduce the rate of complement cytolysis of nucleated cells by 10-fold, 
and under some conditions by 100-fold or more. This would provide a high 
level of protection for certain cells and may allow time for action by other 
inhibitors of complement 79 . 

However, a conradictory study reports that clusterin gave dose-dependent 
protection of antibody-coated sheep erythrocytes against complement-medi- 
ated lysis by diluted normal human serum. There was a linear relationship 
between the concentration of clusterin giving 50% protection and the con- 
centration of serum; extrapolation of this to the case of undiluted human 
serum showed that a clusterin concentration at least two orders of magnitude 
greater than its physiological plasma concentration would be needed to con- 
fer protection against complement-mediated cytolysis under physiological 
conditions. Physiological concentrations of clusterin did not protect rabbit 
erythrocytes against alternative complement pathway-mediated lysis using 
dilute human serum. Exogenous clusterin had no effect on lysis of human 
erythrocytes triggered by the addition of inulin to autologous human serum. 
Induction of cell-surface clusterin expression by L929 (murine fibroblast) 
cells which had been stably transfected with cDNA for human clusterin linked 
to DNA coding for the 44 C-terminal amino acid residues of CD55 did not 
protect the cells against complement-mediated lysis by either normal or clus- 
terin-depleted human serum. These data suggest that clusterin may not be a 
physiologically relevant regulator of complement activation m . 



and MAC-CIC was observed. The amount of both clusterin and vitronectin 
associated with MAC-CIC was two- to threefold higher in comparison to the 
SMAC. Patients with high levels of clusterin and vitronectin demonstrated 
renal involvement. It was hypothesized that these complement regulatory 
proteins besides regulating the insertion of MAC play other critical roles, in 
disease pathogenesis 176 . 

An ELISA method for measuring the binding of clusterin to immunoglobulins 
was developed. Clusterin purified by IgG affinity chromatography bound to 
pooled human IgG with a similar affinity (SO. 5 5.9 +/- 0.4 micrograms/ml) 
as clusterin purified by monoclonal antibody chromatography (SO. 5 6.1 +/- 
0.2 micrograms/ml). The apparent affinity of clusterin for IgG immobilised on 
ELISA plates increased with increasing concentrations of IgG in the coating 
solution. Aggregated IgG in solution was a more potent inhibitor of the bin- 
ding of clusterin to immobilised IgG than was monomer IgG. Clusterin bound 
to all of the isotypes of human IgG, and to human IgAand IgM, with apparent 
affinities in the order lgG3 > lgG4 > IgM > IgGl > lgG2, IgA. Clusterin bound 
to both the Fab and Fc fragments of human IgG. The clusterin binding site(s) 
on the Fc do not overlap with those for protein A and Clq 29 . 

Clq is responsible for the ability of clusterin preparations to promote immu- 
ne complex formation 74 . 

The presence of complement regulators such as clusterin in Sjoegren syn- 
drome patients' saliva and the high expression of these proteins in inflamed 
salivary gland tissue followed the inflammatory reaction. These regulators 
may be involved in protecting the exocrine glands from complement medi- 
ated injury 90 . 



It seems that clusterin has a particular affinity for membrane attack komplex 
(MAC) which is associated with immunoglobulin. This observation should 
help to distinguish between the different forms of MAC, and might indicate 
that MAC associated with immunoglobulin is essentially in its cytolytically 
inactive form 25 . 

The amount of clusterin and vitronectin on MAC in plasma, also referred to as 
soluble MAC (SMAC) was measured, as well as on MAC bound to CIC (MAC- 
CIC), using antibody directed to polymerized C9 in systemic lupus erythe- 
matosus (SLE) patients. A strong correlation among the quantities of SMAC 



Various S. aureus strains were examined and all appeared to bind clusterin to 
some extent, while nonpathogenic control strains Bacillus subtilis BR151 and 
Escherichia coli JM109 did not. Three S. aureus isolates were selected for 
more detailed study; binding of labeled clusterin was saturable, inhibited in 
the presence of excess unlabeled clusterin, and prevented by pretreatment of 
bacteria with proteases. From the saturation binding studies, estimates of the 
affinity constants for the binding of clusterin to the bacteria ranged from 31 
to 57 nM. Addition of clusterin to S. aureus cultures was also found to result 
in aggregation of the bacterial cells; aggregation was not detected when clus- 
terin was added to B. subtilis BR151 or E. coli JM109 cultures. These results 
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suggest that at least some S. aureus strains possess specific proteinaceous 
receptors for clusterin. Such receptors may be an important new bacterial 
virulence determinant for S. aureus, as clusterin has been proposed to have 
a role in the regulation of complement activity 72 . 

For clusterin, erythrocytes lysis was measured to reflect the end product 
of complement activation (membrane attack complex). The complement- 
induced hemolysis increased when human serum was pre-incubated with 
clusterin-binding strains, S. epidermidis J9RThe enhancement of hemolysis 
by J9P decreased when serum was supplemented by exogenous clusterin. 
The data imply that interaction between coagulase-negative staphylococci 
and clusterin interferes with one of their physiological functions, complement 
inhibition. 



+/- 7 cm H20 within 30 min. Pretreatment with CLU completely suppressed 
the PAP and PAW response as a result of the fMLP challenge (P < 0.001), 
whereas a transient PAW increase up to 27 +/- 15 mmHg was observed after 
CAT. Complement factor C3a release was suppressed by CAT, whereas cluste- 
rin blocked the complement cascade at the level of C5b-9 formation. More- 
over, generation of thromboxane A(2) was reduced after clusterin and CAT. 
Lung edema occurred in the fMLP group but was absent (P < 0.001) after 
clusterin and CAT treatment. Both clusterin and CAT prevented fMLP-induced 
lung injury. Stabilizing effects of clusterin, point towards complement regu- 
lating features at the level of the terminal complement sequence. Elevated 
levels of clusterin during inflammation could reflect a compensatory organ 
protective mechanism. Further studies are required to elucidate the clinical 
impact of the observed organ-protective properties of clusterin 155 . 



Vascular leakage and shock are the major causes of death in patients with 
dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS). It has 
been suggested that patients with an elevated level of the free soluble form 
of dengue virus (DV) nonstructural protein 1 (sNSl) are at risk of developing 
DHF To understand the role of sNSl in blood, a study searched for the host 
molecule with which NS1 interacts in human plasma by affinity purification 
using a GST-fused NS1. Clusterin, which naturally inhibits the formation of 
terminal complement complex (TCC), was identified by mass spectrometry. 
A recombinant sNSl produced from 293T cells and sNSl from DV-infected 
Vera cells interacted with human Clu. Since an activated complement system 
reportedly causes vascular leakage, the interaction between sNSl and Clu 
may contribute to the progression of DHF 185 . 

The aim of another study was to investigate potential protective effects of CLU 
on pulmonary vasculature after in situ polymorphonuclear (PMN) activation 
in isolated rabbit lungs. The experiments were performed on 24 isolated and 
ventilated rabbit lungs that were perfused with 200 mL of Krebs-Henseleit- 
10% blood buffer with a constant flow of 150 mL/min in a recirculating 
system. It was tested whether pretreatment with clusterin (2.5 microg/ml; n- 
8) or catalase (CAT, 5000 U/ml; n = 8) before N-formyl-Met-Leu-Phe (fMLP; 
10(-8) M) injection influenced pulmonary artery pressure (PAP) peak airway 
pressures (PAW) and edema formation as compared with controls (n = 8). 
Baseline values of PAP were 9-11 mmHg and PAW 11-13 cm H20. Applica- 
tion of fMLP resulted in an acute significant (P < 0.01) increase of PAP (48 
+/- 29 mmHg) within 2 min in the control group and PAW increased to 35 



» CANCER 

The acquisition of resistance to a wide variety of proapototic stimuli was initi- 
ally demonstrated by introducing the clusterin gene into prostate cancer cells. 
Furthermore, silencing clusterin expression using antisepse oligodeoxynucle- 
otides (AS ODN) synergistically enhanced the effects of several conventional 
therapeutic modalities through the effective induction of apoptosis in prosta- 
te cancer xenograft models. Based on these outcomes, Phase I clinical trials 
were conducted using AS clusterin ODN incorporating 2'-0-(2-methoxy)ethyl- 
gapmer backbone (OGX-011),and the optimal dose of OGX-011 capable of 
inducing </- 90% suppression of clusterin in human prostate cancer tissue 
was determined. Collectively, these findings suggest the utility of inactivating 
clusterin function using AS ODN technology as a novel therapeutic strategy 
for prostate cancer treatment. There have been four kinds of Phase II studies 
that have begun to further evaluate the efficacy of OGX-011 in patients with 
prostate, breast and lung cancers 202 . 

Clusterin protein was present in the cytoplasm of cervical cancer cells. The 
expression of clusterin protein in invasive cervical cancer tissues was not 
related to any clinicopathologic factors analyzed. Patients with positive clus- 
terin expression showed significantly worse prognosis than those with nega- 
tive clusterin expression (p=0.017). Multivariate analysis including clusterin 
expression revealed that clusterin expression (p=0.006) and the number of 
positive node groups (p=0.002) were independent prognostic factors for sur- 
vival. Survival of patients with invasive cervical cancer could be stratified into 
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three groups by combination of clusterin expression and number of positive 
node groups with an estimated 5-year survival rate of 100.0% for no or one 
positive node group irrespective of clusterin expression (group A), 78.7% for 
multiple node groups with negative clusterin expression (group B), and 14.3% 
for multiple node groups with positive clusterin expression (group C) (p=0.03 
for group A vs. group B, p=0.004 for group B vs. group C, and p<0.0001 
for group A vs. group C). Clusterin expression and the number of positive 
node groups were independent prognostic factors for invasive cervical cancer 
patients treated with radical hysterectomy and systematic lymphadenectomy. 
Clusterin might be a new molecular marker to predict the survival of cervical 
cancer patients with multiple positive node groups 200 . 

Overexpression of the apoptosis-related protein clusterin is associated with 
breast cancer development and tumor progression. Clusterin-specific anti- 
sense oligonucleotides and antibodies were used to sensitize breast carcino- 
ma cells to anticancer drugs routinely used in breast cancer therapy. MCF-7 
and MDA-MB-231 cells were treated with the oligonucleotide or antibody, 
chemotherapeutic agents (doxorubicin or paclitaxel), tamoxifen, or with com- 
binations of these. Treatments that include antisense clusterin oligonucleoti- 
de or antibody to clusterin have been shown to reduce the number of viable 
cells more effectively than treatment with the drugs alone. It was also demon- 
strated that dexamethasone pretreatment of breast cancer cell lines inhibits 
chemotherapy-induced cytotoxicity and is associated with the transcriptional 
induction of clusterin. However, anticlusterin treatment increases chemothe- 
rapy-induced cytotoxicity, even in the presence of glucocorticoids, suggesting 
a possible role for these proteins in glucocorticoid-mediated survival. These 
data suggest that combined treatment with antibodies to clusterin or antisen- 
se clusterin oligodeoxynucleotides and paclitaxel, doxorubicin, or tamoxifen 
could be a novel and attractive strategy to inhibit the progression of breast 
carcinoma by regulation of the clusterin function. Moreover, glucocorticoid 
activation in breast cancer cells regulates survival signaling by the direct 
transactivation of genes like clusterin which encode proteins that decrease 
susceptibility to apoptosis. Given the widespread clinical administration of 
dexamethasone before chemotherapy, understanding glucocorticoid-induced 
survival mechanisms is essential for achieving optimal therapeutic respon- 
ses 201 . 



» KIDNEY 

Age 

Because renal function decreases with advancing age in the obese Zucker 
rat, clusterin mRNA expression was examined in the kidney of young adult 
Zucker rats and compared with age-related changes in renal clusterin mRNA 
expression in Fischer 344 (F344) rats. Renal clusterin mRNA levels in the 
obese Zucker rat were 2.5-fold higher by 3 mo of age and fourfold higher at 
5 mo of age compared with the lean strain. In comparison, renal clusterin 
mRNA in 12-mo-old F344 rats was twofold higher than in 3-mo-old animals 
and was tenfold higher at 24 mo of age. Clusterin mRNA was positively corre- 
lated with urinary protein excretion and negatively correlated with creatinine 
clearance in Zucker rats. Clusterin was increased in select nephrons of the 
obese Zucker rat kidney and in 24-mo-old F344 rat kidney as assessed by 
in situ hybridization. Increased expression of clusterin mRNA occurred most- 
ly in the tubular epithelium of dilated, convoluted proximal tubules. These 
data indicate that renal clusterin mRNA levels increase as a function of age 
and that age-related increases in renal clusterin and the associated tubular 
abnormalities are accelerated in obese Zucker rats 89 . 

Aging mice deficient in apoJ/clusterin developed a progressive glomerulo- 
pathy characterized by the deposition of immune complexes in the mesa- 
ngium. Up to 75% of glomeruli in apoJ/clusterin-deficient mice exhibited 
moderate to severe mesangial lesions by 21 months of age. Wild-type and 
hemizygous mice exhibited little or no glomerular pathology. In the apoJ/clus- 
terin-deficient mice, immune complexes of immunoglobulin G (IgG), IgM, IgA, 
and in some cases Clq, C3, and C9 were detectable as early as 4 weeks of 
age. Electron microscopy revealed the accumulation of electron-dense mate- 
rial in the mesangial matrix and age-dependent formation of intramesangial 
tubulo-fibrillary structures. Even the most extensively damaged glomeruli 
showed no evidence of inflammation or necrosis. In young apoJ/clusterin- 
deficient animals, the development of immune complex lesions was acce- 
lerated by unilateral nephrectomy-induced hyperfiltration. Injected immune 
complexes localized to the mesangium of apoJ/clusterin-deficient but not 
wild-type mice. These results establish a protective role of apoJ/clusterin 
against chronic glomerular kidney disease and support the hypothesis that 
apoJ/clusterin modifies immune complex metabolism and disposal 142 . 
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Unilateral Uretheral Obstruction (UUO) 

The onset of hydronephrosis following unilateral ureteral obstruction is as- 
sociated with the induced expression of clusterin RNA and protein. Within 
30 minutes of obstruction, clusterin mRNA expression was localized to the 
adventitial layers of the hilar arteries and intrarenal arterioles. Increasing time 
of obstruction resulted in the notable absence or depletion of this layer. In 
addition, the pattern of clusterin expression changed with time to the colle- 
cting ducts and distal tubules. This study identifies the vascular support tissue 
of the kidney as the initial site of reaction and potential cell death following 
ureteral obstruction. This observation may be of importance in explaining the 
early alterations in blood flow associated with hydronephrosis 7 . 

With unilateral ureteral obstruction in rabbits as the experimental model, 
the time course of alterations in renal function, clusterin mRNA accumu- 
lation, and concentrations of clusterin protein in serum, urine, and renal 
tissue were investigated. RBF, GFR, and renal concentrating ability (percent 
sodium reabsorption and urine osmolarity) all decreased (P < 0.05) in the 
obstructed kidney from control values within 1 day of ureteral obstruction. 
Clusterin mRNA levels started to rise in the ipsilateral kidney within 12 h of 
ureteral obstruction and increased up to 10-fold above control levels after 3 
days of obstruction. Hybridization histochemistry showed that clusterin mRNA 
was initially detectable in collecting ducts and distal tubules within 12 h of 
ureteral obstruction. After 7 days of obstruction, increased accumulation of 
clusterin mRNA was also detectable in proximal tubular epithelial cells. Clus- 
terin gene expression remained elevated in collecting ducts after 60 days of 
obstruction. Clusterin expression in the contralateral kidney was increased 
twofold over control values after 12 h of obstruction. No increase in clusterin 
mRNA accumulation was detectable after 24 h in the contralateral kidney. 
Total clusterin protein in the obstructed kidney increased from 0.59 +/■ 0.66 
(mean +/■ 1 SD)to2.5+/- 1-3 micrograms after 7 days of ureteral obstructi- 
on (P < 0.05) 32 . 

Compared with the adult, UUO in the neonate induces greater apoptosis, 
which in turn contributes to reduced renal DNA.This may be modulated by 
relative suppression of clusterin in the obstructed neonatal kidney due to 
greater activation of the renin-angiotensin system ™. 

Real-time RT-PCR revealed an immediate increase in the clusterin mRNA 
level in the kidney, within 6 hours after UUO, and also maintenance of the 



mRNA expression level from day-1 to day-3 was 60-fold higher in the UUO 
kidney than in the sham kidney. ISH analysis revealed clusterin mRNA signals 
in the UUO renal tubular epithelium, whereas no signal was observed in the 
sham kidney. Detection of clusterin-alpha and -beta was conducted using 
the subtype-specific antibodies, by both of western blotting and immuno- 
histochemistry. Although clusterin-alpha was predominant in the UUO urine, 
only faint signals were noted at the brush border of the tubular epithelium or 
intraductal. On the other hand, strong signals of clusterin-beta were detected 
in the UUO kidney homogenate, and the molecule was localized in the renal 
tubular epithelium. These results suggest that clusterin was translated in the 
renal tubular epithelium after de novo expression induced by renal injury. 
Thus, detection of clusterin mRNA and clusterin-beta in the kidney or cluste- 
rin-alpha in the urine may be useful for predicting nephrotoxicity 182 . 

In a subsequent study, animals were subjected to unilateral ureteral obstructi- 
on (UUO) in the first 2 days of life, and renal TGF-betal and clusterin mRNA 
were measured 3 days later. Rats were divided into treatment groups rece- 
iving saline vehicle, ANG, losartan (AT(1) receptor inhibitor), or PD-123319 
(AT(2) receptor inhibitor). ANG stimulated renal TGF-betal expression via 
AT(1) receptors, a response similar to that in the adult. In contrast, clusterin 
expression was stimulated via AT(2) receptors, a response differing from that 
in the adult, in which ANG inhibits clusterin expression via AT(1) receptors. 
It was speculated that the unique response of the neonatal hydronephrotic 
kidney to ANG II is due to the preponderance of AT(2) receptors in the deve- 
loping kidney 118 . 

Losartan increased clusterin expression by 60% in obstructed kidneys and 
seven-fold in intact kidneys in the unilateral ureteral obstruction model 54 . 

Pressure 

Simulated glomerular hypertension increased mRNA expression of clusterin 
(0.55 +/- 0.05 vs 1.08 +/- 0.12, P < 0.01, n = 3) in mesangial cells when 
compared to cells grown under simulated normal glomerular pressure 95 . 
Oxidative injury 

A single cell suspension of LLC-PK1 cells (porcine proximal tubular cell line) 
treated with albumin (control) was compared to cells aggregated with fib- 
rinogen or purified human clusterin (aggregation graded to 4). Following 
aggregation, the cells were injured with 1.5 mM hydrogen peroxide (H202) 
for three hours. Cell aggregation induced by clusterin but not fibrinogen pro- 
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tected against oxidant injury by H202. Complete abrogation of cytotoxicity 
occurred at a clusterin concentration of 2.5 micrograms/ml, which resulted 
in an aggregation score of 1. In the absence of aggregation, clusterin at 
concentrations of 20 and 50 micrograms/ml, but not lower doses, partially 
protected against injury induced by H202. Cell aggregation induced by both 
clusterin and fibrinogen partially protected against endogenously generated 
oxidant stress induced by incubating LLC-PK1 cells with aminotriazoleand 1- 
chloro-2,4-dinitrobenzene (CDNB). In conclusion, clusterin protects against 
models of oxidant stress in vitro, whether generated by exogenously adminis- 
tered hydrogen peroxide, or from endogenously produced peroxide, and such 
protective effects can accrue from aggregative and nonaggregative properties 
of clusterin 98 . 

Glomerulonephritis 

Using an antibody to rat clusterin as an immunofluorescent probe, clusterin 
deposits were demonstrated in the passive Heymann nephritis model along 
the glomerular capillary wall in an identical pattern to rat C3 and C5b-9. 
Decomplementation using cobra venom factor prevented proteinuria and 
intraglomerular MAC formation. The epimembranous clusterin were not 
detected in the complement-depleted animals. The role of clusterin in the 
mediation of glomerular injury remains unknown, but it is probably related 
to in situ formation of the terminal complement cascade where it may play 
a regulatory role 8 . 

Using the complement-dependent isolated perfused rat kidney model of 
autologous phase passive Heymann nephritis, the effect of clusterin depleti- 
on of perfused plasma on the development of glomerular injury was studied. 
Kidneys with planted glomerular sheep anti-rat FxlA antibody were perfused 
with human plasma either depleted of clusterin to < or = 30%, or control 
plasma depleted of plasma fibronectin. Glomerular injury was then initiated 
by the addition of guinea pig anti-sheep immunoglobulins to the perfusa- 
te. Kidneys perfused with clusterin depleted plasma developed significantly 
greater proteinuria at all time points when compared to control kidneys. Glo- 
merular antibody binding and C3 deposition were similar in the two groups, 
but terminal complement components were deposited in larger amounts in 
the clusterin depleted group. These data support a possible role for clusterin 
in vivo in the protection of complement-induced glomerular injury 43 . 



Renal biopsies of 60 membranous glomerulonephritis (MGN) patients by 
immunohistochemistry utilizing antibodies against clusterin, C5b-9, and 
phosphorylated-protien kinase C (PKC) isoforms (pPKC) were studied. In 
vitro experiments were performed to investigate the role of clusterin during 
podocyte damage by MGN serum and define clusterin binding to human 
podocytes, where megalin is known to be absent. Clusterin, C5b-9, and pPKC- 
alpha/beta showed highly variable glomerular staining, where high clusterin 
profiles were inversely correlated to C5b-9 and PKC-alpha/beta expression 
(P=0.029), and co-localized with the low-density lipoprotein receptor (LDL- 
R). Glomerular clusterin emerged as the single factor influencing proteinuria 
at multivariate analysis and was associated with a reduction of proteinuria 
after a follow-up of 1.5 years (-88.1%, P=0.027). Incubation of podocy- 
tes with MGN sera determined strong upregulation of pPKC-alpha/beta that 
was reverted by pre-incubation with clusterin, serum de-complementation, 
or protein-A treatment. Preliminary in vitro experiments showed podocyte 
binding of biotinilated clusterin, co-localization with LDL-R and specific bin- 
ding inhibition with anti-LDL-R antibodies and with specific ligands. These 
data suggest a central role for glomerular clusterin in MGN as a modulator 
of inflammation that potentially influences the clinical outcome. Binding of 
clusterin to the LDL-R might offer an interpretative key for the pathogenesis 
of MGN in humans 174 . 

Increased expression of clusterin in cultured rat glomerular mesangial cells 
stimulated by sublytic complement attack was observed. Clusterin was indu- 
ced in glomerular mesangial cells during the course of immune-mediated 
injuries. This up-regulation of clusterin may play a critical role in protecting 
mesangial cells from complement attack 127 . 

A study was designed to define the sites of clusterin mRNA accumulation 
in murine lupus-like nephritis in comparison with murine tubulopathies. In 
lupus-like nephritis, a significant increase of clusterin mRNA abundance 
was demonstrated. This up-regulation was localized exclusively in tubular 
epithelial cells exhibiting tubulointerstitial alterations, whereas no clusterin 
mRNA was detectable in diseased glomeruli, excluding an active synthesis 
of clusterin by glomerular cells. A similar tubular increase of clusterin mRNA 
abundance was observed in myeloma-like cast nephropathy induced by lgG3 
monoclonal cryoglobulins and even in the absence of any detectable histolo- 
gical alterations in a model of septic shock induced by the injection of bacte- 
rial lipopolysaccharides. These results suggest that tubular epithelial cells are 
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the only sites of clusterin mRNA accumulation during the course of lupus-like 
nephritis and that the tubular up-regulation of clusterin gene expression may 
reflect the cellular response to various types of tubular injuries 93 . 

Proteinuria-induced renal disease 

We studied proteinuria-induced renal disease and its influence on clusterin- 
mediated apoptosis. Exposure of cultured mouse proximal tubule epithelial 
cells to bovine serum albumin (BSA) resulted in activation of NF-kappaB and 
activator protein-1 (AP-1) within hours followed by a decline in their activati- 
on, decreased activation of extracellular signal-regulated kinases (ERK1/2), 
decreased cell-associated antiapoptotic Bcl-xL protein but increased apo- 
ptosis. Clusterin progressively increased in the media over a 3 day period. 
Clusterin siRNA blocked protein production, increased NF-kappaB activation, 
and significantly increased cellular Bcl-xL protein, thereby reducing spon- 
taneous and BSA-induced apoptosis. An siRNA to the NF-kappaB inhibitor 
IkappaBalpha had similar results. BSA-stimulated NF-kappaB activation 
reciprocally decreased AP-1 activity by preventing ERK1/2 phosphorylation. 
These in vitro studies suggest that clusterin inhibits NF-kappaB-mediated 
antiapoptotic effects by the apparent stabilization of IkappaBalpha switching 
from promoting inflammation to apoptosis during proteinuria 189 . 

On the other hand, the induction of clusterin after folic acid administrati- 
on or subtotal nephrectomy was independent of the presence of an intact 
complement system, because similar increases in clusterin expression were 
observed in C5-sufficient and C5-deficient mice 33 . 

Renal Ischemia 

Clusterin gene expression was greatly increased 24 to 72 hours after expe- 
rimental renal ischemia and began decreasing at 96 hours. This selective 
sequence of gene expression or repression after renal ischemia might maxi- 
mize the proliferative repair process 9 . 



The effect of the angiotensin-converting enzyme inhibitor captopril on cluste- 
rin mRNA was examined in partially nephrectomized male rats. Urine protein 
excretion was measured 3, 7, and 28 days after removal of five sixths of the 
renal mass. Nephrectomy caused a progressive increase in clusterin mRNA 
levels in the remnant kidney. Maximal clusterin mRNA levels occurred 7 days 
after nephrectomy and declined 28 days after nephrectomy. Captopril, 250 
mg/ml in drinking water, prevented the injury-induced increase in clusterin 
mRNA at 7 and 28 days. Captopril had no effect on clusterin in sham-ope- 
rated rats. As expected, the urine protein excretion increased progressively 
after nephrectomy, and this was attenuated by administration of captopril 
in the drinking water. Therefore, clusterin is a marker of renal injury which, 
along with proteinuria, is modulated by angiotensin-converting enzyme inhi- 
bition 102 . 

Persistently increased clusterin mRNA and protein was seen in the peri- 
infarctzone following 1-1/3 nephrectomy. This increased expression of clus- 
terin may be playing a role in the ischemia-related apoptosis present in the 
scar-adjacent tissue 18 . 

Polycystic Kidney Disease 

The expression of the clusterin gene in polycystic kidneys of the C57BL/6J- 
cpk mouse was investigated, a model of autosomal recessive polycystic kid- 
ney disease in which there is development of epithelial-lined cysts arising 
primarily from the collecting duct system. Abnormally high levels of cluste- 
rin mRNA were found in the cyst wall epithelium of polycystic kidneys. The 
expression of the clusterin gene in normal development suggests that it plays 
a role in differentiating epithelial structures; and the abnormally high levels of 
clusterin gene expression in polycystic kidneys suggests that the cells lining 
cysts are not fully differentiated. It is possible, therefore, that polycystic kid- 
ney disease is caused by a defective developmental process in which there 
is a delay in terminal differentiation 12 . 



Clusterin mRNA found to be highly expressed in the 30-minute arterial clam- 
ped rat kidney after 24 hours of reperfusion, but was not detectable in mRNA 
extracted from renal tissue after 24 hours chronic infarction. This demonstra- 
tes that brief periods of complete ischemia initiate a form of cell death (apo- 
ptosis) during a subsequent reperfusion phase that is drastically different 
from cellular necrosis induced by prolonged severe ischemia 21 . 



In autosomal dominant polycystic kidney disease (ADPKD) versus normal 
kidney (NK) cell monolayers, synthesis of sulfated glycoproteins is impaired, 
processing of sulfated glycoproteins by the Golgi apparatus is prolonged, and 
assembly of these macromolecules into the extracellular matrix is reduced. 
These alterations may have a fundamental role in the pathogenesis of auto- 
somal dominant polycystic kidney disease 35 . 
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Clusterin immunostaining was examined in nephrectomy specimens from 
patients with autosomal-dominant polycystic kidney disease (N = 5), autoso- 
mal-recessive polycystic kidney disease (N = 3), multilocular cyst of the kid- 
ney (N = 2), renal hypoplasia/dysplasia (N = 7), Wilms' tumor (nephroblas- 
toma) (N = 6), renal cell carcinoma (N = 9), and acute and/or chronic renal 
transplant rejection (N = 15). No clusterin staining was detected in normal 
renal tissue distant from renal cell carcinomas. Increased expression of 
clusterin was found in epithelial cells lining cysts in all of the cystic disor- 
ders studied. Clusterin expression was found in some immature tubules in 
hypoplastic/ dysplastic kidneys and in tubules of rejected renal allografts, 
but was not a prominent finding in renal neoplasms, although some renal 
cell carcinomas expressed clusterin in a focal manner. Common features 
of clusterin induction included exclusively epithelial production of clusterin 
in cysts, immature nephrons, and injured tubules, heterogeneity of clusterin 
expression, with only some tubules and/or cysts in a given area staining for 
clusterin, and uniform clusterin staining of epithelial cells in a given tubule 
or cyst in most cases. Based on its cohesive properties, it was speculated 
that clusterin functions to maintain cell-cell and cell-substratum interactions 
which become perturbed in the setting of renal injury and cystic diseases 44 . 

Phenol II is a cystogenic chemical that rapidly induces renal cysts, which 
regress after drug withdrawal. Cyst formation in this model parallels changes 
in the tubular basement membrane. Clusterin is a potent cohesive factor 
induced in states of tissue remodeling. The purpose of this study was to 
determine if renal clusterin was increased in the Phenol II model and to 
define the time course and distribution of its induction. Male Sprague-Dawley 
rats were given, by daily gavage, Phenol II (1.2 mg/kg per day) or vehicle 
(control). The kidneys were harvested after 1, 2, or 4 days of Phenol II trea- 
tment or 3 or 7 days after drug withdrawal. An increase in immunoreactive 
clusterin was seen in the kidneys of Phenol ll-treated rats but not in controls. 
The appearance of clusterin followed a time course similar to that for cyst 
formation, with expression confined to the epithelial lining and intratubu- 
lar casts of dilated or cystic tubules. After Phenol II withdrawal, renal cysts 
regressed and clusterin staining disappeared. The development of cysts was 
associated with an increase in clusterin mRNA that decreased after drug 
withdrawal. In conclusion, a marked, yet reversible induction of clusterin oc- 
curred in chemically induced polycystic kidney disease 52 . 



» RENAL TOXICITY 

Gentamycin 

Adult Lewis rats were treated with 100 mg/kg/day of gentamicin sulfate for 
12 days. Urine, serum, and tissue levels of clusterin protein were measured, 
as were urinary N-acetyl beta-glucosaminidase (NAG) and serum creatinine 
levels. Induction of renal injury by gentamicin was detectable within 4 days by 
increased levels of urinary N-acetyl beta-glucosaminidase (from 280 +/- 66 
(mean +/- SD) to 910 +/- 210 nmol/mg creatinine), and within 9 days of 
initiating gentamicin treatment by increased serum creatinine (from 0.5 +/- 
0.1 to 1.2 +/- 0.4 mg/dl). Paralleling these changes, renal, urinary, and serum 
levels of clusterin increased 10-, 116-, and 3-fold (P less than 0.05). Treat- 
ment with gentamicin sulfate did not increase clusterin levels in the seminal 
vesicle, ventral prostate, testis, or epididymis. The measurement of urinary or 
serum clusterin may play a role in the early detection of renal injury 15 . 

LLC-PK(l) cells were incubated with varying concentrations of gentamicin in 
serum-free media, and cytotoxicity was quantified by lactate dehydrogenase 
release and confirmed by vital dye exclusion. A dose-dependent increase in 
cytotoxicity occurred with gentamicin concentrations up to 27 mg/ml. Clus- 
terin decreased cytotoxicity in a dose- and time-dependent manner at 6, 
12, and 24 h, whereas albumin, used as a control protein, had no effect. In 
contrast to the aminoglycoside model, when cells were injured by depletion 
of ATP, clusterin had only a minimally protective effect. LLC-PK(l) cells did 
not express megalin.a receptor that can mediate the uptake of both clusterin 
and aminoglycosides into proximal tubule cells. Uptake of gentamicin into 
LLC-PK(l) cells was observed despite the absence of megalin. In conclusion, 
clusterin specifically protects against gentamicin-induced renal tubular cell 
injury by a megalin-independent mechanism 143 . 

Cyclosporine A 

A study examined the expression of the clusterin gene in the kidney during the 
development of cyclosporine (CyA)-induced nephrotoxicity in the rat using in 
situ hybridization histochemistry. Female Sprague-Dawley rats (170 g) were 
divided into experimental or control groups and were given intraperitoneal 
injections of CyA (25 mg/kg) or vehicle respectively for 2, 4 and 6 weeks. 
Kidneys from animals sacrificed at these times were fixed in 4% paraform- 
aldehyde and embedded in paraffin. Tissue sections were hybridized using 
either a sense or antisense riboprobe complementary to clusterin mRNA 
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which was labelled with 32P-UTR Clusterin gene expression was detected in 
scattered tubules in kidneys from control animals. Expression of clusterin in 
cortical collecting ducts of CyA-treated animals was evident at 2 weeks and 
increased substantially at 4 and 6 weeks. Clusterin expression was also seen 
in afferent arterioles, the glomerular capsule and transitional epithelium of 
the renal pelvis of kidney sections from rats treated with CyA for 6 weeks. 
No labelling above background was seen at any time with the sense probe. 
Renin immunostaining in afferent arterioles of kidney sections from animals 
treated with CyA showed a marked increase after 4 and 6 weeks of CyA 
treatment 58 . 

Puromycin 

Male Wistar rats (weighing 251 +/- 16 g) were treated with puromycin 
aminonucleoside (PAN: 15 mg/100 g body wt, subcutaneously; n = 7) or 
vehicle (control; n = 8). The kidneys were harvested 6 d after treatment, 
when rats were nephrotic. Clusterin mRNA was markedly induced in the kid- 
neys of nephrotic rats (8.5-fold versus control). Immunohistochemistry stu- 
dies demonstrated clusterin primarily in tubules in the cortex and medulla. 
Many of the tubules staining for clusterin were dilated but had no other diff- 
erentiating morphologic features. Increased numbers of proliferating tubular 
cells were seen at 6 d, but there was no correlation between these cells 
and clusterin staining. In contrast to the extent and pattern of clusterin sta- 
ining, vimentin was seen in only sporadic, dilated tubules, in addition to its 
expected glomerular localization. An increase in clusterin mRNA was not seen 
1, 2, or 4 d after PAN injection. In conclusion, tubular epithelial cell induction 
of clusterin occurs in the kidneys of nephrotic rats. The appearance of clus- 
terin precedes the development of tubulointerstitial disease and may be a 
response to the proteinuria 88 . 

Cisp latin 

Sprague-Dawley rats were treated with intravenous cisplatin (6 mg/kg) or 
vehicle. Serum creatinine concentrations were measured and kidneys har- 
vested at 1, 2, and 5 days. Marked induction of clusterin mRNA was seen 
only at 5 days, a time when serum creatinine concentration was the highest. 
Histology of kidney tissue 5 days after cisplatin administration revealed mar- 
ked tubular necrosis localized to the outer stripe of the outer medulla, a 
region rich in proximal tubules. Immunohistochemistry and in situ hybridi- 
zation at 5 days demonstrated clusterin primarily in the inner stripe of the 
outer medulla. In conclusion, expression of clusterin follows renal injury with 



cisplatin at a time corresponding to the morphologic evidence of tubular 
necrosis and cell detachment; quite surprisingly, such expression occurs at a 
site distant from the primary injury 76 . 

Glycerol 

In glycerol-induced acute renal failure, a model of rhabdomyolysis, clusterin 
mRNA was markedly increased 24 hours after injection of glycerol (control 
97 +/- 21 versus glycerol 3644 +/- 134 optical density units; p < 0.001). 
Immunohistochemical clusterin was also increased in glycerol-treated rats 
with tubules in both cortex and medulla staining for clusterin. In vitamin E and 
selenium deficiency, clusterin mRNA was increased 9 weeks after initiation of 
the deficient diet (control 97 +/- 13 versus deficient 1137 +/- 403 optical 
density units; p < 0.04) as were the number of tubules staining for clusterin. 
Since renal injury is instigated in the glycerol model by muscle damage, we 
tested the effect of muscle extract on clusterin expression in vitro. A homo- 
genate of skeletal muscle induced clusterin mRNA and this induction was 
not associated with disruption of cell membranes and was not inhibited by 
cycloheximide treatment, but was blocked by actinomycin D. Since increased 
generation of hydrogen peroxide is a pivotal biochemical lesion in both in vivo 
models, we tested the effect of peroxide to induce clusterin in vitro; no such 
induction occurred. Thus, renal tubular clusterin expression was increased in 
both acute glycerol-induced renal failure and chronic vitamin E and selenium 
deficiency, two in vivo models of oxidant injury to the kidney. In vitro induction 
of clusterin can occur and can be dissociated from cell injury 50 . 

Nefiracetam 

The occurrence of renal papillary necrosis (RPN), seen only in dogs after 
repeated oral administration of nefiracetam, a neurotransmission enhancer, 
at a relatively high dose, is because of inhibition of renal prostaglandin syn- 
thesis by the nefiracetam metabolite M-18. By Western blot and quantita- 
tive real-time RT-PCR analysis with renal morphological aspects, individual 
findings showed that renal clusterin mRNA was increased in dogs with severe 
renal injury. Changes in renal clusterin mRNA may reflect the progression or 
severity of RPN 167 . 

In a study, a single cell suspension of renal epithelial (LLC-PK1) cells was 
treated with purified human clusterin, resulting in time- and dose-dependent 
cell aggregation. Electron microscopy of the cell aggregates demonstrated 
cell junction and lumen formation. To determine the effect of clusterin on cell 
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adhesion, tissue culture plates were coated with clusterin, fibronectin, PBS, 
or albumin. Clusterin and fibronectin promoted cell adhesion to the same 
extent. The adhesion to clusterin was dose dependent and specific, as a 
monoclonal antibody against clusterin inhibited cell adhesion to clusterin but 
not fibronectin. Perterbations of the cytoskeleton may underlie the alterations 
in cell attachment which occur in renal injury. Induction of clusterin mRNA 
was seen after disruption of both microtubules and microfilaments and after 
inhibition of cell-substratum interactions. In conclusion, clusterin is a potent 
renal epithelial cell aggregation and adhesion molecule. It is speculated 
that clusterin functions to promote cell-cell and cell-substratum interactions 
which are perturbed in the setting of renal injury, thereby preserving the inte- 
grity of the renal epithelial barrier 60 . 



» HEART 

In the normal heart, abundant clusterin mRNA and protein are expressed in 
atrial myocytes; no expression is detected in ventricular myocytes. To provide 
clues about the role of clusterin in the heart, the response of clusterin to 
heart disease, including three models of myocarditis and two models of in 
vivo pressure overload hypertrophy, were examined. In the disease model 
studied extensively, myosin-induced myocarditis, in situ hybridization de- 
tected induction of clusterin mRNA in ventricular myocytes immediately befo- 
re histological evidence of injury. Clusterin message in ventricular myocytes 
reached high levels as myocarditis became more severe. Evidence of early 
clusterin induction, before inflammation and injury, also occurred in viral 
myocarditis. Clusterin mRNA was not present in the inflammatory or intersti- 
tial cells during myocarditis. In areas of severe inflammation and myocardial 
fiber degeneration, clusterin showed a gradient of expression, with highest 
levels in myocytes immediately surrounding the lesion and diminishing wi- 
th increasing distance. Clusterin protein also accumulated in myocytes at 
the interface between degenerated myocardial tissue and the surrounding 
cardiac tissue. During cardiac hypertrophy that occurred without associated 
inflammation or cell damage, ventricular clusterin mRNA was not detected. 
When ischemic damage accompanied hypertrophy, clusterin was induced in 
the ventricular myocytes near the lesion borders. The correlation of clusterin 
induction with ventricular tissue damage, but not hypertrophy, suggests that 
clusterin is a repair response protein. It is proposed that clusterin functions 
to limit tissue injury and/or promote tissue remodeling 66 . 



Clusterin-deficient and wild-type mice exhibited similar initial onset of 
myocarditis, as evidenced by the induction of two early markers of the T 
cell-mediated immune response, MHC-II and TNF receptor p55. Furthermore, 
autoantibodies against the primary antigen cardiac myosin were induced to 
the same extent. Although the same proportion of challenged animals exhi- 
bited some degree of inflammatory infiltrate, inflammation was more severe 
in clusterin-deficient animals. Inflammatory lesions were more diffuse and 
extensive in clusterin-deficient mice, particularly in females. In marked con- 
trast to wild-type animals, the development of a strong generalized secondary 
response against cardiac antigens in clusterin-deficient mice was predictive 
of severe myocarditis. Wild-type mice with a strong Ab response to secondary 
antigens appeared to be protected from severe inflammation. After resolution 
of inflammation, clusterin-deficient, but not wild-type, mice exhibited cardiac 
function impairment and severe myocardial scarring. These results suggest 
that clusterin limits progression of autoimmune myocarditis and protects the 
heart from postinflammatory tissue destruction 124 . 

Clusterin is selectively deposited in the infarcted areas of human myocardi- 
um. Clusterin deposits were observed in the heart tissue of 10 patients whose 
infarcted lesions were 8 hr to 14 days old, but not in patients who died from 
other causes. Clusterin co-localized with the komplement membrsne attack 
complex on the surface of damaged cardiomyocytes. In normal myocardium, 
only endothelial lining of blood vessels occasionally stained positive for clus- 
terin. The 80,000 MW clusterin was also detected by Western blot analysis in 
extracts of myocardial infarction lesions, but only faintly in extracts of normal 
heart. As clusterin has apparently failed in protecting myocardium against 
complement-mediated cell injury its main role might be to participate in the 
clearance of damaged and necrotic tissue 38 . 

Sprague-Dawley rats underwent permanent coronary ligation or sham ope- 
ration. Hearts were harvested at 6 hours and at 2, 14, and 28 days after 
infarction. Cardiac clusterin expression was examined by immunohistoche- 
mistry and in situ hybridization. Left ventricular clusterin staining was evident 
at 6 hours and 2 days after myocardial infarction, although not at later time 
periods. Clusterin was localized to peri-infarct zone myocytes and endothelial 
cells of this region, and local synthesis of clusterin by myocytes was con- 
firmed by in situ hybridization. Clusterin was not present in inflammatory cells 
orin left ventricular tissue distant from the infarct. The distribution of clusterin 
was different from the membrane attack complex of complement (C5b-9), 



21 



with the latter being present diffusely throughout the infarct zone. Although 
the role of cardiac clusterin is not known, we speculate that clusterin's cohe- 
sive properties serve to promote myocyte interactions that are perturbed in 
the peri-infarct zone after myocardial infarction 91 . 

The relationship between clusterin and activated complement in human heart 
infarction was examined and the effect of this protein on ischemic rat neo- 
natal cardiomyoblasts (H9c2) and isolated adult ventricular rat cardiomyocy- 
tes as in vitro models of acute myocardial infarction was evaluated. Clusterin 
protects cells by inhibiting complement and colocalizes with complement 
on jeopardized human cardiomyocytes after infarction. The distribution of 
clusterin and complement factor C3d was evaluated in the infarcted human 
heart. The protein expression of clusterin in ischemic H9c2 cells was also 
analyzed. The binding of endogenous and purified human clusterin on H9c2 
cells was analyzed by flow cytometry. Furthermore, the effect of clusterin on 
the viability of ischemically challenged H9c2 cells and isolated adult vent- 
ricular rat cardiomyocytes was analyzed. In human myocardial infarcts, clus- 
terin was found on scattered, morphologically viable cardiomyocytes within 
the infarcted area that were negative for complement. In H9c2 cells, cluste- 
rin was rapidly expressed after ischemia. Its expression was reduced after 
reperfusion. Clusterin bound to single annexin V-positive or annexin V and 
propidium iodide-positive H9c2 cells. Clusterin inhibited ischemia-induced 
death in H9c2 cells as well as in isolated adult ventricular rat cardiomyocytes 
in the absence of complement. We conclude that ischemia induces the upre- 
gulation of clusterin in ischemically challenged, but viable, cardiomyocytes. 
These data suggest that clusterin protects cardiomyocytes against ischemic 
cell death via a complement-independent pathway 166 . 

EtOH-exposed canine fetal myoblasts underwent apoptosis in a concentra- 
tion- and time-dependent manner. Expression of clusterin by cDNA trans- 
fection markedly reduced EtOH-induced apoptosis in the cells. Clusterin 
expression also restored partially the mitochondrial membrane potential and 
prevented the release of cytochrome-c from mitochondria into cytoplasma. 
Thus, clusterin serves as a cytoprotective protein that protects cardiac stem 
cells against EtOH cytotoxicity 180 . 



pheral blood and liver tissues were taken from OLT at various post-operative 
time points. A strong expression of soluble clusterin was observed on post- 
transplantation day 7, which occurred at the peak of the rejection in this 
tolerogenic OLT model. The expression of clusterin remained strong even after 
tolerance was achieved. The intensity of clusterin expression was much stron- 
ger when compared with the syngenic OLT (DA-DA) model after OLT. A strong 
expression of clusterin mRNA was also observed in the tolerogenic model on 
post-OLT day (POD) 7 and the expression persisted when compared with the 
syngenic model on post-OLT day 60. These data have shown that the stron- 
gest levels of clusterin during the reaction phase in tolerogenic OLT may be 
involved in tolerance induction 122 . 



NEURAL TISSUE 

Studies have demonstrated the overexpression of clusterin in various CNS 
disorders, such as certain gliomas, Alzheimer's disease and epilepsy, as well 
as after experimental brain injury in animals where different cell types were 
undergoing tissue remodelling or cell death 197 . 

Clusterin is a ubiquitous multifunctional glycoprotein with the capability to 
interact with a broad spectrum of molecules, among them the Alzheimer's 
Abeta peptide. Due to its co-localization with fibrillar deposits in systemic 
and cerebral amyloid disorders, clusterin is also considered an amyloid-as- 
sociated protein. Although no genuine function has been attributed to this 
protein so far, it has been implicated in a wide variety of physiological and 
pathological processes, a role that may vary according to the protein matu- 
ration, sub-cellular localization, and the presence of certain tissue- or cell- 
specific factors 203 . 

The abundance of clusterin RNA is increased in hippocampus from patients 
with Alzheimer disease and Pick disease 1M . 

Ibotenic acid lesioning that caused death of striatal neurons also stimulated 
astrocytic responses as monitored by GEAP and clusterin 195 . 



» LIVER 



One clone was noticeably increased in retinitis pigmentosa in comparison 
with the control: partial sequencing showed it encoded clusterin 196 . 



A sudy determined the kinetics of clusterin expression at different post-trans- 
plantation time points in a tolerogenic model (DA-PVG) where rejection was 
naturally overcome without any immunosuppressive drugs in comparison 
with the syngenic orthotopic liver transplantation (OLT) model (DA-DA). Peri- 



Adult male Wistar rats were subjected to 30 min of forebrain ischemia by 
four vessel occlusion. By 3 days after the ischemic insult, clusterin RNA levels 
were increased two fold in caudate nucleus and hippocampus. Clusterin pro- 
tein levels assessed by immunoblots were markedly increased in both brain 
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regions following ischemia. Glial fibrilary acidit protein (GFAP) RNA levels 
also increased over 5 fold in caudate nucleus and hippocampus following 
the ischemic insult. Despite significant elevations in GFAP RNA, protein levels 
of GFAP assessed by immunoblot were only marginally affected. The elevated 
expression of clusterin in rodent brain following this and other experimental 
lesion paradigms (e.g., excitotoxic lesions, deafferentation) suggest some 
general involvement of clusterin in neurodegeneration and remodelling fol- 
lowing neuronal injury 198 . 



SEMINIFEROUS SYSTEM 
AND SPERMATOZOA 

Clusterin is one of the major proteins secreted by rat Sertoli cells and epidi- 
dymal cells in culture. The disulfide-linked dimeric protein secreted by Sertoli 
cells and found in seminiferous tubule fluid is composed of monomers of Mr 
47 OOO and 34 000 whereas the epididymal protein exhibits monomers of 
Mr 40 000 and 29 000. When both forms were chemically or enzymatically 
deglycosylated, they yielded proteins of similar molecular weight. No modi- 
fication of the higher molecular weight testicular form by epididymal cells or 
fluids could be detected in incubation media. Clusterin mRNA was locali- 
zed in epididymal epithelium by in situ hybridization. Northern blot analysis 
indicated the testicular and epididymal mRNAs were of similar size. These 
findings suggest that the two forms of the protein occur because of tissue- 
specific post-translational modifications.The detergent-extracted protein from 
washed testicular spermatozoa is of the higher molecular weight form while 
epididymal sperm carry the lower molecular weight form. Immunohistoche- 
mical evidence suggests that the testicular form is removed prior to the initial 
segment of the epididymis and the epididymal form is applied in the proximal 
caput epididymidis. Clusterin was immunolocalized to the sperm membrane 
at the ultrastructural level and was distinctly different from the immunolocali- 
zation of outer dense fiber proteins and fibrous sheath proteins ". 

Later studies confirmed thatt two forms of clusterin, the beta-chain monomer 
and the heterodimer, are present on the spermatozoal surface membrane 
and in seminal plasma 103 . 



fragmentation. Sertoli cell death by antisense oligonucleotide of clusterin 
was sequence specific and dose dependent. Treatment of antisense oligo- 
nucleotide induced a marked reduction of synthesis for clusterin protein, but 
not for clusterin mRNA expression, suggesting the translational suppression 
of clusterin by antisense oligonucleotide. Further, microscopic observation 
showed that more noticeable cell death was induced by treating the antisen- 
se prior to plating the cells than by treating after cell attachment to the plate. 
From these results, we speculate that down-regulation of clusterin expression 
in the anchorage-dependent Sertoli cells prevents them from attaching to the 
plate, and therefore induces cell death 120 . 

Clusterin mRNA levels were measured by quantitative RT-PCR in RNA extracted 
from testicular biopsies of 49 azoospermic patients classified according to 
testicular histology as having normal spermatogenesis or spermatogenic 
failure. When related to the percentage of Sertoli cells counted on a histo- 
logical section of a neighbouring tissue sample, clusterin mRNA levels were 
significantly lower in the .spermatogenic failure' group compared with the 
control group ( P = 0.0043, respectively). These levels were also significantly 
lower in the cases of .constitutive' (cryptorchidism and Yq microdeletion) and 
.idiopathic' spermatogenic failures when compared with the control group; 
conversely, they were not significantly decreased in the group with .acquired 
spermatogenic failure' (orchitis, testicular traumatism, chemoradiotherapy 
and varicocele).These data further demonstrate an alteration of Sertoli cell 
functions in some human spermatogenic failures and suggest that a lack of 
Sertoli cell maturation may be involved in cases of constitutive or idiopathic 
spermatogenic failures " 2 . 

Western blots of cauda sperm membrane extracts of control animals and 
orchiectomized animals treated with testosterone had a very low level of 
epididymal clusterin, whereas extracts collected from orchiectomized animals 
revealed high levels of clusterin. It was suggested that, in the normal animal, 
clusterin is secreted into the lumen of the proximal epididymis where it binds 
to the sperm membrane. In the distal epididymis, clusterin dissociates from 
sperm and is processed (proteolysis/endocytosis). I tis hypothesized that, 
in the absence of androgen, the processing and regulation of clusterin is 
disrupted 24 . 



Transfection of ASC-17D Sertoli cells with a 20-base antisense oligonucleo- 
tide against clusterin mRNA resulted in extracellular release of LDH and DNA 



It was proposed that protective effects of clusterin are the core of the diffe- 
rential tolerance of ischemia by the various testicular cells and the morpholo- 
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gy of the postischemic testis. Suppression of ischemic damage selectively in 
Sertoli cells might be the consequence of the ability to produce clusterin, an 
endogenous inhibitor of ischemic injury. This hypothetical function of clusterin 
is supported by its immunosuppressive properties and its structural and fun- 
ctional identity to several types of human complement cytolysis inhibitors ,3 . 

In the initial segment and the caput epididymidis, neither orchidectomy nor 
testosterone replacement, at either dose, had any effect on clusterin mRNA 
concentrations. In the corpus and cauda epididymidis, bilateral orchidectomy 
resulted in a 3.5- and 9.4-fold increase, respectively, in clusterin mRNA con- 
centrations, whereas testosterone replacement caused a dose-dependent 
decrease in clusterin mRNA concentrations. Unilateral orchidectomy was 
done to determine if clusterin mRNA concentrations are dependent on tes- 
ticular factors released in the lumen of the epididymis. In the corpus and the 
cauda epididymidis, unilateral orchidectomy resulted in elevated clusterin 
mRNA concentrations in the ipsilateral epididymis. There were no changes 
in clusterin mRNA concentrations in the initial segment and caput epididy- 
midis. These results provide complementary evidence that the message for 
clusterin is differentially regulated along the epididymis. During postnatal 
development clusterin mRNA concentrations in the caput-corpus epididymi- 
dis increased dramatically between 14 and 21 days as well as between 49 
and 63 days. Interestingly, between 28 and 42 days, when serum testoste- 
rone concentrations are increasing, there was no change in the concentrati- 
on of clusterin mRNA in the caput-corpus epididymidis. Similar results were 
observed in the cauda epididymidis with the exception that between 28 and 
42 days, there was a dramatic decrease in clusterin mRNA in the cauda 
epididymidis. Together these experiments demonstrate that the regulation of 
clusterin mRNA concentrations is segment specific. In the initial segment and 
caput epididymidis there is no apparent regulation of clusterin by testicu- 
lar factors,whereas in the corpus and cauda epididymidis testosterone can 
repress clusterin mRNA concentrations 19 . 

Morphologically abnormal spermatozoa have an extensive surface coating 
of conventional 80 kDa native clusterin, but this form of clusterin is not de- 
tectable on normal spermatozoa. Normal spermatozoa, however, contain 
within the acrosomal cap a different form of clusterin, reactive with an antic- 
lusterin alpha-chain antibody. Agglutinated spermatozoa, most of which are 
grossly abnormal, were intensely labelled with the antibody against conven- 
tional 80 kDa clusterin, suggesting that the .clustering' properties of this 



protein may play a role in the aggregation of abnormal spermatozoa. Antic- 
lusterin monoclonal antibodies may be useful for semen analysis. Staining 
spermatozoa with anticlusterin monoclonal antibodies is a technically simple 
method which provides a visually obvious means of assessing spermato- 
zoa morphology and acrosome status simultaneously. The current data also 
suggest that different functions of clusterin in the reproductive tract may be 
attributed to different molecular forms of the protein 4S . 

The acrosomal form of clusterin is associated with the contents of the acro- 
some 129 . 

It was suggested that the percentage of clusterin positive cells (CPS) in 
bull semen is potentially a better predictor of fertility than sperm motility or 
abnormal morphology 125 . 

It was also suggested that the percentage of CPCs in ram semen could be a 
useful marker in poor-quality ejaculates 135 . 

It was demonstrated the expression of clusterin gene in four Leydig tumor cell 
lines, including mouse MA-10 and 1-10 and rat R2C and LC-540. When the 
cells were incubated with 0.1 mM 8-bromo-cAMP or (Bu)2cAMP for 17 h, 
an unexpected, profound suppression of clusterin mRNA accumulation was 
observed. A 60-70% decrease in clusterin mRNA was observed in MA-10 
and R2C cells, 10% in 1-10 cells, and no apparent change in LC-540 cells. 
The inhibitory effect of cAMP was specific to the clusterin gene, since in the 
same cells cholesterol side-chain cleavage enzyme mRNA was drastically 
elevated in MA-10 and 1-10 cells while alpha-tubulin mRNA levels were not 
changed in all four cell lines. The reduction could be detected as early as 4 
h, and was evident at 17 h after cAMP administration. Removal of cAMP from 
culture media at 17 h prevented the decline of clusterin mRNA. The suppres- 
sion of clusterin gene expression can also be demonstrated by treatment 
with human CG orforskolin, which were known to elevate intracellular cAMP 
Ievels22. The reduction of clusterin mRNA after exposure of MA-10 cells to 
cAMP is not due to a decrease in its transcriptional activity, but rather to an 
increase in the degradation of this mRNA through synthesis of a destabilizing 
protein(s) and its mRNA 66 . 

Follicle-stimulating hormone had no effect on clusterin in rat Sertoli cells 23 . 
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» UTERUS 

In the mouse, clusterin mRNA was expressed in uterine luminal and glandular 
epithelial cells coincident with the presence of clusterin protein. The cluste- 
rin gene was differentially expressed in the glandular and uterine luminal 
epithelial cells during the estrous cycle and following hormone depletion. 
Expression of clusterin was not induced in ovariectomized mice by estrogen, 
progesterone, or dexamethasone treatment alone. Progesterone adminis- 
tration after an initial estrogen pretreatment, however, resulted in dramatic 
induction of clusterin as the progesterone level declined. In contrast, clusterin 
was not induced when a long-lived progesterone analog, medroxyprogeste- 
rone, was substituted for progesterone. In the human menstrual cycle, clus- 
terin was present in glandular lumens only during the late secretory phase. 
Declining progesterone levels, causing substantial tissue reorganization, are 
characteristic of the times of marked clusterin induction in uterine epithelial 
cells. These expression patterns are consistent with clusterin functioning as 
an extracellular cytoprotectant by mediating clearance of and/or neutralizing 
cytolytic tissue debris 53 . 

Uterine clusterin gene activity was not detected immediately following ferti- 
lization, but glandular epithelial expression of clusterin mRNA appeared just 
before the time of blastocyst implantation and persisted postimplantation. 
During implantation, uterine luminal epithelial cells also expressed clusterin, 
but expression was excluded from luminal cells adjacent to the sites of at- 
tached blastocysts, clusterin protein accumulated in the glandular and uteri- 
ne lumens in proximity to the epithelial cells that expressed clusterin mRNA. 
It was suggested that clusterin expression is a marker of uterine receptivity 
to blastocyst implantation. Subsequent expression of clusterin message in 
uterine stromal cell types and in circular muscle myocytes coincided with the 
onset of decidualization. During this period the myocytes of the longitudinal 
muscle layer showed no evidence of clusterin mRNA. Clusterin protein was 
localized to nondecidualized tissue but was not evident in decidualized cells. 
In contrast, the protein was dispersed throughout both the circular and longi- 
tudinal myometrium. In the uteri of hormone-treated females stimulated with 
oil, clusterin was also expressed during decidualization in stromal cells and 
in circular myocytes, indicating that signals specifically transmitted from the 
embryo itself are not responsible for clusterin mRNA accumulation n . 



Analysis of the expression of clusterin by quantitative reverse transcription- 
polymerase chain reaction detected an increase in the steady-state level of 
its transcripts in blastocysts from diabetic rats. In situ hybridization revealed 
that about half the cells identified as expressing clusterin mRNA exhibited 
signs of nuclear fragmentation. In vitro experiments demonstrated that hi- 
gh D-glucose increased nuclear fragmentation, TUNEL labeling and clusterin 
transcription. Tumor necrosis factor-alpha (TNF-alpha), a cytokine whose syn- 
thesis is up-regulated in the diabetic uterus, did not induce nuclear fragmen- 
tation nor clusterin expression but increased the incidence of TUNEL-positive 
nuclei. The data suggest that excessive cell death in the blastocyst, most 
probably resulting from the overstimulation of a basal suicidal program by 
such inducers as glucose and TNF-alpha, may be a contributing factor of the 
early embryopathy associated with maternal diabetes 87 . 



OVARY 

A homogenous population of healthy and atretic follicles was obtained by 
treating immature rats with pregnant mare serum gonadotropin (PMSG).Apo- 
ptotic cell death was evaluated by TUNEL Clusterin expression in the healthy 
and atretic follicles was examined by immunohistochemical and Western blot 
analyses, and gene expression was examined by Northern blot analysis. Clus- 
terin protein and its mRNA are only expressed in granulosa cells of atretic 
follicles obtained from PMSG-treated rats on day 5 of the treatment. Healthy 
follicles from PMSG-treated rats on day 2 of the treatment do not express 
clusterin. Theca and stroma cells of both healthy and atretic follicles showed 
no signs of apoptosis and did not express clusterin. Withdrawal of trophic 
support from granulosa cells in cultures to induce apoptosis resulted in a 
dramatic increase in the levels of clusterin and its mRNA compared to cells 
cultured in serum-supplemented medium. In an attempt to establish the fun- 
ctional role of clusterin in the apoptotic cell death of ovarian follicles, the 
biosynthesis of clusterin in granulosa cells of healthy follicles was blocked 
by treatment of cells with antisense oligonucleotide to its cDNA. Treatment 
of granulosa cells with the antisense oligonucleotide resulted in an increase 
in the apoptotic cell death compared to the control. These findings indicate 
that depletion of clusterin can lead to the programmed cell death in ovary, 
suggesting a functional role for this protein in follicular atresia m . 
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Luteolysis was induced in pregnant sows (45 days) by Cloprostenol (PGF2 
alpha analogue) treatment. Clusterin expression increased in the corpora 
lutea of pregnant sows ovariectomized 0, 6, 12, 24, 48 or 72 (n = 3) h after 
the luteolytic stimulus; maximum values were observed 24-48 h after the 
treatment (P < 0.01). An opposite trend between clusterin mRNA expression 
and markers of luteal function, such as progesterone levels in the corpora 
lutea and plasma, and LHr mRNA expression levels, was observed; moreover, 
clusterin expression was positively correlated with the degree of genomic 
DNA fragmentation, a marker of occurring apoptosis (P < 0.01). This pattern 
may be important in regulating luteolysis by a switch between luteotrophic 
and apoptotic stimulus. Our data indicate that P4 levels decrease prior to the 
increase in clusterin mRNA and the drop in LHr mRNA expression; we may 
therefore hypothesize a split between functional and structural luteolysis as 
reported in other species 160 . 



BLOOD CELLS 

Peripheral blood cells were assayed for clusterin expression. The protein 
was predominantly detectable in human platelets by immune cytochemis- 
try. The content of clusterin was determined and amounts to 2.5 +/- 1-3 
micrograms/ 10(9) platelets, thus representing about 2% of the blood pool. 
Clusterin purified from human platelets had the same molecular weight as 
plasma clusterin under nonreducing conditions and was composed of two 
disulfide-linked nonidentical subunits of the same size. Both preparations 
were sensitive to reduction yielding the two subunits of 35 Kd. In contrast 
to plasma clusterin, the platelet form was not complexed to apolipoprotein 
A-l. By immunogold labeling, alpha-granule localization of clusterin was 
observed. Complete release of platelet clusterin occurred at optimal doses 
of A23187, phorbol myristate acetate (PMA), and thrombin. Because clus- 
terin mRNA was detected by hybridization in situ in bone marrow-derived 
megakaryocytes, platelet clusterin is most likely produced and packaged into 
alpha-granules during megakaryocyte development 36 . 

Atheromatous plaque development involves platelet aggregation and 
activation, and abundant clusterin protein was found in advanced human 
atheromatous lesions. Thus, platelet sequestration and activation may 
lead to the rapid deployment of clusterin into sites of vascular injury. It 
is hypothesized that platelet-derived clusterin participates in both short- 



term wound repair processes and chronic pathogenic processes at vas- 
cular interfaces 37 . 



» ATHEROSCLEROSIS 

Clusterin, a glycoprotein associated with subclasses of plasma high density 
lipoproteins (HDL), was found to accumulate in aortic lesions in a human 
subject with transplantation-associated arteriosclerosis and in mice fed 
a high-fat atherogenic diet. Foam cells present in mouse aortic valve lesi- 
ons expressed clusterin mRNA, suggesting local synthesis contributes to 
clusterin's localization in atherosclerotic plaque 42 . 

Although clusterin was never observed in the normal aorta (ie, without any 
intimal lesions or intimal thickening), it was distributed not only in the intima 
but also in the media of aortas with diffuse, intimal thickening or atheroscle- 
rotic lesions. Double immunostaining with antibodies for clusterin and alpha- 
smooth muscle actin revealed clusterin deposition in smooth muscle cells 
(SMCs) or the aortic stroma in the vicinity of SMCs.The extent of clusterin dis- 
tribution in the aortic wall increased with the degree of atherosclerosis deve- 
lopment. In addition, the distribution pattern of clusterin was very similar to 
that of apoA-l and E. In situ hybridization with human clusterin cDNA demon- 
strated intense signals in cells scattered within the subendothelial space and 
medial SMCs of the aorta with advanced atherosclerosis but not in those of 
the normal aorta without intimal thickening. Furthermore, reverse transcrip- 
tase-polymerase chain reaction of the cultured human aortic SMCs revealed 
clusterin mRNA expression in these cells. The results indicate that clusterin in 
the aortic wall originates from not only clusterin circulated in the plasma but 
also clusterin produced by SMCs in the aortic wall. Considering the similarities 
of the distribution between clusterin and apo-A-l or E, it is hypothesized that 
clusterin possibly has a protective role against human atherosclerosis by its 
involvement with cholesterol transport from the aortic wall to the liver 96 . 

Mouse peritoneal macrophages were incubated with acetylated low-density 
lipoprotein (AcLDL) to produce foam cells containing cholesterol and cho- 
lesteryl esters. Incubation of the foam cells with physiological concentrati- 
ons of purified clusterin led to a dose-dependent export of cholesterol. The 
appearance of cholesterol in the medium was associated predominantly with 
a decline in intracellular cholesteryl esters rather than intracellular free cho- 
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lesterol. The kinetics of cholesterol release to clusterin were similar to apo 
A-l, an established promoter of cholesterol efflux. Clusterin was also shown 
to induce phospholipid efflux from cells, whereas the cholesterol exported 
to the medium was associated with clusterin. Studies using foam cells from 
apo E-null mice showed that the cholesterol exported to the medium was 
independent of apo E production by the cells. These results present the first 
evidence that clusterin can promote cholesterol efflux from foam cells and 
indicates that it might have a function in cellular cholesterol homoeostasis in 
both normal and pathological situations 97 . 

Paraoxonase (Pon), clusterin, and apolipoprotein (apo) A-l accumulate in the 
artery wall during the development of atherosclerosis. In normal aortas (n = 
6) there were low levels of extracellular Pon, clusterin, and apoA-l, immunore- 
activity. The cytoplasm of smooth muscle cells in the media showed granular 
positivity for both Pon and apoA-l, indicating that these proteins were under- 
going lysosomal degradation. This activity was also indicated by the presence 
of both intact and degradation products of Pon in smooth muscle cells as 
shown by Western blotting. With the progression of disease from fatty streaks 
(n = 3) to advanced atherosclerosis (n = 8) there was an increase in Pon, 
apoA-l, and clusterin immunoreactivity, indicating the increasing presence of 
these proteins with disease progression. These proteins are the components 
of a specific HDL subspecies that has been implicated in the prevention of 
peroxidative damage to phospholipids in LDL and membranes. The increase 
in Pon, clusterin, and apoA-l during the development of atherosclerosis may 
therefore represent a protective response to the oxidative stress associated 
with the development of atherosclerosis 80 . 

The effects of mildly oxidized LDL and atherosclerosis on the levels of two 
proteins associated with HDL; clusterin, and paraoxonase (PON) were stu- 
died. On an atherogenic diet, PON activity decreased by 52%, and apoJ levels 
increased 2.8-fold in fatty streak susceptible mice, C57BL/6J (BL/6), but not 
in fatty streak resistant mice, C3H/HeJ (C3H). Plasma PON activity was also 
significantly decreased, and clusterin levels were markedly increased in apo- 
lipoprotein E knockout mice on the chow diet, resulting in a 9.2-fold increase 
in the clusterin/PON ratio as compared to controls. Furthermore, a drama- 
tic increase in the clusterin/PON ratio (over 100-fold) was observed in LDL 
receptor knockout mice when they were fed a 0.15%-cholesterol-enriched 
diet. Injection of mildly oxidized LDL (but not native LDL) into BL/6 mice (but 
not in C3H mice) on a chow diet resulted in a 59% decrease in PON activity 



(P < 0.01) and a 3.6-fold increase in clusterin levels (P < 0.01). When an 
acute phase reaction was induced in rabbits, or the rabbits were placed on 
an atherogenic diet, hepatic mRNA for clusterin was increased by 2.7-fold 
and 2.8-fold, respectively. Treatment of HepG2 cells in culture with mildly 
oxidized LDL (but not native LDL) resulted in reduced mRNA levels for PON 
(3.0-fold decrease) and increased mRNA levels for clusterin (2.0-fold incre- 
ase). In normolipidemic patients with angiographically documented coronary 
artery disease who did not have diabetes and were not on lipid-lowering 
medication (n = 14), the total cholesterol/HDL cholesterol ratio was 3.1+/- 
0.9 as compared to 2.9+/-0.4 in the controls (n = 19). This difference was 
not statistically significant. In contrast, the clusterin/PON ratio was 3.0+/- 
0.4 in the patients compared to 0.72+/-0.2 in the controls (P < 0.009). In 
a subset of these normolipidemic patients (n = 5), the PON activity was low 
(48+/-6.6 versus 98+/-17 U/ml for controls; P < 0.009), despite similar 
normal HDL levels, and the HDL from these patients failed to protect against 
LDL oxidation in co-cultures of human artery wall cells. It is concluded that: 
(a) mildly oxidized LDL can induce an increased clusterin/PON ratio, and (b) 
the clusterin/PON ratio may prove to be a better predictor of atherosclerosis 
than the total cholesterol/HDL cholesterol ratio". 

In a study analyzing the effects of the lecitin-chesterol acyltranferase gene 
knock-out, clusterin levels, rather than being decreased, were significantly (P 
= 0.01) higher (36%) in Lcat (-/-) than in Lcat (+/+) mice, and the clusterin/ 
PON ratio was 3-fold greater in Lcat (-/-) than in Lcat (+/+) animalsll2. 
A peptide was synthesized from D-amino acids corresponding to residues 
113 to 122 in clusterin. D- [113-122]clusterin significantly improved the 
ability of plasma to promote cholesterol efflux and improved high-density 
lipoprotein (HDL) inflammatory properties for up to 48 hours after a single 
oral dose in apoE-null mice, whereas scrambled D- [113-122]clusterin did 
not. Oral administration of 125 microg/mouse/d of D- [113-122]clusterin 
reduced atherosclerosis in apoE-null mice (70.2% reduction in aortic root 
sinus lesion area, P=4.3 x 10(-13); 70.5% reduction by en face analysis, 
P=1.5 x 10(-6)). In monkeys, oral D- [113-122]clusterin rapidly reduced 
lipoprotein lipid hydroperoxides (LOOH) and improved HDL inflammatory 
properties. Adding 250 ng/mL of D-[113-122]clusterin (but not scrambled 
D- [113-122]clusterin) to plasma in vitro reduced LOOH and increased 
paraoxonase activity. Oral D- [113-122]clusterin significantly improves HDL 
inflammatory properties in mice and monkeys and inhibits lesion formation 
in apoE-null mice 165 . 
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An insertion (l)/deletion (D) polymorphism was found within the clusterin 
gene, D/D subjects had significantly higher levels of total cholesterol and 
low-density lipoprotein (LDL)-cholesterol than l/l subjects in females but not 
in males. Female subjects with the D allele (D/D+l/D) had greater intima- 
media thickness of the carotid artery than l/l subjects. In a multiple logistic 
regression analysis, the D allele of 6316delT was detected as an indepen- 
dent predictor for the plaque prevalence. In conclusion, the clusterin gene 
polymorphism may contribute to the serum lipid levels and the progression 
of carotid atherosclerosis in hypertensive Japanese females 163 . 



PANCREAS 

Exocrine Pancreas 

Clusterin mRNA levels were strongly increased 6 h after pancreatitis inducti- 
on. Maximal expression happened between 24-48 h and decreased pro- 
gressively to undetectable levels at day 5. Clusterin mRNA was expressed 
with similar intensity in oedematous caerulein-induced pancreatitis and in 
response to various degrees of necrohaemorrhagic taurocholate-induced 
pancreatitis, indicating a maximal gene activity in all types of pancreatitis; 
in situ hybridization showed that the acinar cells and some ducts expressed 
clusterin mRNA. A single band of about 35-38 kDa was detected by western 
blot in pancreatic homogenates and in pancreatic juice from rats with acute 
pancreatitis, but not from control rats 101 . 

Clusterin is overexpressed in the pancreas at the onset of chronic pancreatitis 
in vivo and in cultured acinar cells in response to various stimuli in vitro, sug- 
gesting that clusterin is a defense mechanism of the exocrine pancreas 130 . 



clusterin cDNA into primary cultured duct cells resulted in a 2.5-fold increase 
in cell proliferation and induced transformation of non-differentiated duct 
cells into differentiated cells displaying cytokeratin immunoreactivity. Taken 
together, these results suggest that clusterin may play essential roles in the 
neogenic regeneration of pancreatic tissue by stimulating proliferation and 
differentiation of duct cells 157 . 

AR4-2J cells with modified expression levels of clusterin and in vivo studies 
in clusterin-deficient mice. AR4-2J cells were exposed to agents mimicking 
cell-stress during pancreatitis (cerulein, hydrogen peroxide, staurosporine or 
^phosphatidylcholine). Clusterin-overexpressing AR4-2J cells showed hi- 
gher viability after cell stress and accordingly reduced rates of apoptosis and 
lessened caspase-3 activation. Blockage of endogenous clusterin expression 
reduced viability and enhanced apoptosis. Presence of clusterin reduced NF- 
kappaB activation and expression of the NF-kappaB target genes TNF-alpha 
and MOB-1 under cell stress. Clusterin-deficient mice showed a more severe 
course of acute experimental pancreatitis with enhanced rates of apoptosis 
and inflammatory cell infiltration. We concluded that clusterin was protective 
during inflammation of exocrine pancreas because of its anti-apoptotic and 
anti-inflammatory functions 179 . 

Morphological studies have shown that copper deficiency-induced pancre- 
atic involution in rats is secondary to apoptosis (M. S. Rao, A. V. Yeldandi, V. 
Subbarao, and J. K. Reddy, 1993, Am. J. Pathol. 142, 1952-1957). Northern 
blot analysis of total RNA revealed a marked increase in the expression of 
SGP-2 mRNA at 5 weeks followed by a gradual decrease at 6 and 7 weeks. 
These results further support that the mechanism of copper deficiency-indu- 
ced pancreatic involution is through apoptosis 45 . 



Clusterin expression was examined throughout the process of pancreatic 
neogenesis in pancreatectomized rats. For in vitro analysis, duct cells were 
isolated from the rat pancreas and clusterin cDNA was transfected for its ove- 
rexpression. Clusterin and its mRNA increased significantly in the early phase 
of regeneration, particularly at 1-3 days after pancreatectomy. Clusterin was 
transiently expressed in the differentiating acinar cells but faded afterwards. 
Interestingly, these clusterin cells were negative for PCNA (proliferating cell 
nuclear antigen), whereas most epithelial cells in ductules in the regenerating 
tissue showed extensive proliferative activity. Clusterin expression was also 
detected in some endocrine cells of the regenerating tissue. Transfection of 



Endocrine Pancreas 

The expression of clusterin in pancreatic tissue of streptozotocin-treated rats 
which were undergoing extensive islet tissue reorganization due to degenera- 
tion of insulin beta cells was investigated. Clusterin was found in endocrine 
cells identified as glucagon-secreting alpha cells at the periphery of the islet. 
Using immunoelectron microscopy, clusterin-positive cells showed the typical 
ultrastructural features of pancreatic alpha cells. In addition, colocalization 
of clusterin and glucagon in the same secretory granules was shown by dou- 
ble immunogold labeling. These results imply that clusterin is a secretory 
molecule having endocrine and/or paracrine actions in parallel with glucagon. 
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Further, we noted that clusterin expression was increased in pancreatic alpha 
cells during the process of beta cell death upon streptozotocin injection. The 
increase was significant as early as 1-3 h after streptozotocin treatment prior 
to any morphological alteration of islet beta cell and any manifestation of 
hyperglycemia. The expression of clusterin was steady-stately up-regulated 
during the process of islet reorganization caused by streptozotocin-induced 
cytotoxic injury. Therefore, it is suggested that clusterin might be considered 
as a molecule induced by both embryonic development and drug-induced 
reorganization of the endocrine pancreas. Since clusterin expression is up- 
regulated in alpha cells, but not in beta cells undergoing degeneration, it may 
play a protective role against the cytotoxic insult 113 . 

A diabetogenic dose of streptozotocin injected in rats provoked an immediate 
degeneration of beta cells. In this model, islets showed increased clusterin 
expression with extensive proliferation of alpha cells but showed poor beta- 
cell replication. A subdiabetogenic dose of streptozotocin, however, led to the 
proliferation of beta cells with clusterin up-regulation. In streptozotocin-tre- 
ated neonatal rats, up-regulation of clusterin was noted during beta-cell pro- 
liferation. In all experimental models, clusterin was expressed in alpha cells 
in close correlation with islet cell proliferation, higher transcription of insulin 
mRNA and MAPKs activation. Cell replication was increased by 31 % in the 
MIN6 cells transfected by the clusterin cDNA. Up-regulation of clusterin in 
alpha cells might induce beta-cell proliferation and thus restore their populati- 
on after islet injury. We suggest that clusterin could be considered as a growth 
factor-like molecule stimulating islet-cell proliferation by paracrine action 139 . 

Isolated ductal tissue from rat pancreas was cultured it to develop epithelial 
cell explants for transfection of clusterin cDNA as well as for treatment of 
clusterin protein. The number of newly differentiated insulin cells increased 
6.9-fold upon clusterin overexpression compared with controls. Insl mRNA 
and peptide levels were also increased. Furthermore, glucose-stimulated 
insulin secretion was observed in the differentiated insulin cells. These cells 
were immunoreactive for insulin and C-peptide, but negative for other islet 
hormones and for cytokeratin-20, which indicates a fully differentiated state. 
Insulin cell differentiation was also increased in a dose-dependent manner 
by treating duct cells in culture with clusterin, indicating a growth -factor- 1 ike 
action of clusterin in insulin cell differentiation. These results suggest that 
clusterin can be considered as a potential morphogenic factor that promotes 
differentiation of pancreatic beta cells 170 . 



Analysis of LC-FTICR proteomic data identified five candidate protein biomar- 
kers of type 1 diabetes. alpha-2-Glycoprotein 1 (zinc), corticosteroid-binding 
globulin, and lumican were 2-fold up-regulated in type 1 diabetic samples 
relative to control samples, whereas clusterin and serotransferrin were 2-fold 
up-regulated in control samples relative to type 1 diabetic samples. Obser- 
ved perturbations in the levels of all five proteins are consistent with the 
metabolic aberrations found in type 1 diabetes 191 . 

VASCULATURE 

Smooth Muscle 

Cultured porcine smooth muscle cells (SMC) undergo morphological and 
phenotypic modulation associated with a change from a substrate-attached 
monolayer culture to a nodular culture in which most of the cells are present 
in multicellular aggregations (nodules). During that transition from monolayer 
to nodular cell culture (> 8 days) the expression of clusterin mRNA and pro- 
tein is increased. Clusterin expression continues in the nodular cell cultures 
and it is secreted at 0.3 micrograms/ml/24 h. These results demonstrate 
differential expression of SMC clusterin and suggest that clusterin has a fun- 
ctional role in SMC modulation 47 . 

Clusterin, at 10 microg/ml, clearly promotes vascular smooth Musile cells 
(VSMC) migration. In addition, a 15 amino acid synthetic peptide, repre- 
senting amino acids 118-132 [KQTCMKFYARVCRSG] of the mature clusterin 
polypeptide, inhibits VSMC attachment to gelatinous substrate. Finally, clus- 
terin appears to have a role in regulating endogenous clusterin expression in 
the clusterin negative clone. These results clearly establish that clusterin has 
functional role in VSMC nodule formation and support the conclusion that 
clusterin is a critical component of smooth muscle cell phenotypic modu- 
lation 12S . 

Clusterin mRNA was not detectable in noninjured aorta (control), began to 
be expressed at 6 hours after injury, showed a peak level at 24 hours (a 
48-fold increase), gradually declined, and returned to the control level at 24 
weeks. Western blot and immunohistochemistry demonstrated no expression 
of clusterin protein in noninjured aorta, an expression of clusterin at 2 days 
after balloon injury, and a peak level (a 55-fold increase) at 2 to 8 weeks. The 
expression of clusterin protein continued until 24 weeks after injury. In situ 
hybridization revealed that clusterin mRNA was expressed in smooth muscle 
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cells (SMCs) of media at 2 days after injury and in SMCs of media and neoin- 
tima at 2 weeks. To analyze the function of clusterin, stably transfected rabbit 
SMCs were created. The expression of clusterin stimulated proliferation and 
migration of SMCs. Clusterin is dramatically induced in media and neointima 
after vascular injury, suggesting that clusterin contributes to restenosis after 
angioplasty 136 . 

Intimal Cells 

Clusterin expression was evaluated by immunohistochemistry and Western 
blotting in human arteries and rat aortas. In human diffuse myointimal thic- 
kening, clusterin was detected in cell cytoplasm and extracellular space, 
whereas it was practically absent in the media. In rat aortas 15 days after 
ballooning, intimal cells (IT cells) overexpressed s-clusterin and n-cluste- 
rin, the latter mainly in the inner neointima; clusterin expression decreased 
at 60 days. In vitro, IT cells maintained high clusterin expression and its 
antisense markedly reduced proliferation and increased apoptosis. Western 
blotting showed that all-trans retinoic acid-induced proliferative arrest and 
increased alpha-smooth muscle actin expression did associate to s-cluste- 
rin and B-myb reduction, whereas bax-related apoptosis was associated to 
a shift from the s-clusterin to n-clusterin isoform. Clusterin overexpression 
characterized neointimal SMCs; s-clusterin expression decreased in IT cells 
during all-trans retinoic acid-induced proliferative arrest and ^differentiation, 
whereas n-clusterin overexpression was characteristic of apoptosis. Cluste- 
rin was detected in human arterial myointimal thickening and absent in the 
underlying media. Rat neointimal cells overexpressed clusterin and clusterin 
antisense oligonucleotide reduced proliferation and increased apoptosis. All- 
trans retinoic acid-induced proliferative arrest showed association with s- 
clusterin reduction and n-clusterin overexpression with apoptosis, supporting 
a different biological role of these isoforms 162 . 

Endothelial cells 

Clusterin inhibits HUVEC migration and adhesion. By altering endothelial fun- 
ction during vascular injury, clusterin appears to regulate, in part, the early 
development of intimal hyperplasia after prosthetic arterial grafting 133 . 

When Human retinal endothelial cells (HRECs) were exposed to oxygen-glu- 
cose deprivation (OGD), clusterin expression increased, whereas von Wille- 
brand factor (vWF), occludin, and zonula occludens (ZO-1) markedly decrea- 
sed. Interestingly, loss of tight junction proteins and death of HRECs in OGD 



conditions were restored by clusterin treatment. These results suggest that 
the enhanced clusterin in OGD conditions may play a protective role against 
ischemia-induced tight junction protein loss and HRECs death 186 . 

GIT 

As compared with controls, a strongly enhanced expression of clusterin was 
found in Crohn disease (CD) tissues, correlating with disease activity. Immu- 
nohistochemistry and in situ hybridization analysis revealed foci of crypts 
almost completely lined by clusterin expressing enterocytes in CD, a feature 
that was never seen in controls. Such crypts appeared especially within the 
morphologically intact mucosa apart from erosive or ulcerative lesions. Besi- 
des epithelia, clusterin was also expressed by inflammatory mononuclear 
cells. Enhanced expression of clusterin by crypt epithelia might reflect a 
cytoprotective function of the protein in order to prevent further injury of the 
intestinal mucosal barrier in CD 134 . 

Connective Tissue 

The expression of clusterin mRNA was up-regulated in early osteoarthritic 
vs normal cartilage when analysed by microarray analysis. Using in situ 
hybridization, chondrocytes of normal cartilage expressed moderate levels 
of clusterin. Upper mid-zone chondrocytes in cartilage with early stages of 
osteoarthritic disease expressed high levels of clusterin mRNA. In advanced 
osteoarthritic cartilage, the overall expression of clusterin was reduced. The 
induction of clusterin has been associated with a variety of disease states 
where it appears to provide a cytoprotective effect. The increased expression 
of clusterin mRNA in the early stages of osteoarthritis (OA) may reflect an 
attempt by the chondrocytes to protect and repair the tissue. In contrast, 
the decrease in clusterin mRNA in the advanced osteoarthritic cartilage 
accompanies the final degenerative stages of the disease. An understanding 
of the expression of clusterin in osteoarthritis may allow consideration of 
this protein as a marker for cartilage changes in this chronic degenerative 
condition 141 . 

In synovial tissue, the protein was predominantly expressed by synoviocytes 
and it was detected in synovial fluids. Both full-length and spliced isoform 
CLU mRNA levels of expression were lower in reumatoid arthritis (RA) tis- 
sues compared with osteoarthritis (OA) and healthy synovium. In synovium 
and in cultured FLS, the overexpression of clusterin concerned all protein 
isoforms in OA whereas in RA, the intracellular forms of the protein were 
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barely detectable. Transgenic overexpression of clusterin in RA FLS promoted 
apoptosis within 24 h. It was observed that clusterin knockdown with small 
interfering RNA promoted IL-6 and IL-8 production. Clusterin interacted with 
phosphorylated IkappaBalpha. Differential expression of clusterin by OA and 
RA FLS appeared to be an intrinsic property of the cells. Expression of intra- 
cellular isoforms of CLU is differentially regulated between OA and RA. It was 
proposed that in RA joints, high levels of extracellular CLU and low expression 
of intracellular CLU may enhance NF-kappaB activation and survival of the 
synoviocytes 177 . 

Fibroblasts 

Human diploid fibroblasts (HDFs) exposed to subcytotoxic stresses under 
H202, tert-butylhydroperoxide (t-BHP), and ethanol (EtOH) undergo stress- 
induced premature senescence (SIPS) characterized by many biomarkers of 
HDFs replicative senescence. Among these biomarkers are a growth arrest, an 
increase in the senescence-associated beta-galactosidase activity, a senes- 
cent morphology, an overexpression of p21waf-l and the subsequent inability 
to phosphorylate pRb, the presence of the common 4977-bp mitochondrial 
deletion, and an increase in the steady-state level of several senescence- 
associated genes such as clusterin. Clusterin has been described as a sur- 
vival gene against cytotoxic stress. In order to study whether clusterin would 
be protective against cytotoxicity SIPS and replicative senescence in human 
fibroblasts, a full-length complementary deoxyribonucleic acid of clusterin 
was transfected into WI-38 HDFs and SV40-transformed WI-38 HDFs. The 
overexpression of clusterin resulted in an increased cell survival after t-BHP 
and EtOH stresses at cytotoxic concentrations. In addition, when WI-38 HDFs 
were exposed to 5 subcytotoxic stresses with EtOH or t-BHR in conditions that 
were previously shown to induce SIPS, a lower induction of 2 biomarkers of 
SIPS was observed in HDFs overexpressing clusterin. No effect of clusterin 
overexpression was observed on the proliferative life span of HDFs, even if 
clusterin overexpression triggered osteonectin (SPARC) overexpression, which 
was shown to decrease the mitogenic potential of platelet-derived growth 
factor but not of other common growth-inducing conditions. Clusterin sene- 
scence-related overexpression is proposed to have antiapoptotic rather than 
antiproliferative effects 144 . 



Fibroblasts were coincubated with conditioned medium and cigarette smoke 
extract, and bronchial biopsy specimens obtained from nonsmokers, smo- 
kers, and ex-smokers were analyzed by immunohistochemistry. At concent- 
rations of 2.5 and 5.0%, cigarette smoke extract induced oxidative stress. It 
also markedly increased the expression of two clusterin isoforms (60 and 76- 
80 kD) and the 76-80-kD isoform was secreted in the incubation medium. 
Coincubation of fibroblasts with conditioned medium significantly decreased 
the cellular oxidation caused by the cigarette smoke extract. Immunohisto- 
chemical analysis of clusterin on bronchial biopsy specimens obtained from 
smokers and ex-smokers showed localization of clusterin mainly in the sub- 
mucosa. I was concluded that clusterin may have a protective effect against 
cigarette smoke-induced oxidative stress in lung fibroblasts 173 . 



» SKIN 

Elastotic material of sun-damaged skin (solar elastosis) revealed a strong 
staining for clusterin. Because of the striking co-localization of clusterin with 
abnormal elastic material, the interaction of clusterin with elastin in vitro was 
investigated. A chaperone assay was established in which elastin was dena- 
tured by UV irradiation in the absence or presence of clusterin. This assay 
demonstrated that clusterin exerted a chaperone-like activity and effectively 
inhibited UV-induced aggregation of elastin. The interaction of both proteins 
was further analyzed by electron microscopy, size exclusion chromatography, 
and mass spectrometry, in which clusterin was found in a stable complex with 
elastin after UV exposure 187 . 



PREECLAMPSIA NAD HYPERTENSION 

866C->T polymorphism in exon 5 and a rare variant 1061C->T in exon 7 
was identified and it was found that the CT genotype and T-allele frequencies 
in preeclampsia (PE) (CT genotype 26%; T allele 13%) and essential hyper- 
tension (EH) (CT genotype 28.57%; T allele 17.14%) were significantly lower 
than that in the control group (CT geno type 50%; T allele 27%). The results 
suggested that the 866C->T polymorphism might be associated with PE and 
EH. It is plausible that apo J may play a certain role in the predisposition to 
PEandEH 164 . 
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» CANCER 

It was shown taht in patients with renal clear cell carcinoma gp80 mRNA is 
3-fold overexpressed in tissue of the tumors compared with adjacent non- 
tumor tissue 39 . 



» CLUSTERIN AND LEPTIN 

Complex formation between clusterin and leptin by several approaches was 
demonstrated and shown that the binary complex retains the ability to tran- 
sduce the leptin signal via binding to the leptin receptor and activation of 
the Janus kinase/signal transducer and activator of transcription pathway. 
The interaction of leptin with clusterin does not require additional serum 
components. Furthermore, and importantly for modulation of the bioactivity 
of leptin, uptake of leptin present in the complex can be mediated by mem- 
bers of the low density lipoprotein (LDL) receptor family, i.e., apolipoprotein 
receptor type-2 and the very LDL receptor, which here are shown to efficiently 
endocytose both free and leptin-associated clusterin. Thus, bioavailability of 
leptin at a given tissue site may be determined by the levels of clusterin and/ 
or by the relative distribution of certain relatives of the LDL receptor vis-a-vis 
active leptin receptors 152 . 



CLUSTERIN AND GHRELIN 



CLUSTERIN AND MATRIX 
METALLOPROTEINASE 26 

MT6-MMP/MMP-25 is the latest member of the membrane-type matrix 
metalloproteinase (MT-MMP) subgroup in the MMP family and is expressed 
in neutrophils and some brain tumors. The proteolytic activity of MT6-MMP 
has been studied using recombinant catalytic fragments and shown to degra- 
de several components of the extracellular matrix. However, the activity is 
possibly modulated further by the C-terminal hemopexin-like domain, becau- 
se some MMPs are known to interact with other proteins through this domain. 
To explore the possible function of this domain, a recombinant MT6-MMP wi- 
th the hemopexin-like domain was purified as a soluble form using a Madin- 
Darby canine kidney cell line as a producer. Mature and soluble MT6-MMP 
processed at the furin motif was as a 45-kDa protein together with a 46-kDa 
protein having a single cleavage in the hemopexin-like domain. Interestingly, 
73- and 70-kDa proteins were co-purified with the soluble MT6-MMP by for- 
ming stable complexes. They were identified as clusterin, a major component 
of serum, by N-terminal amino acid sequencing. MT1-MMP that also has 
a hemopexin-like domain did not form a complex with clusterin. MT6-MMP 
forming a complex with clusterin was detected in human neutrophils as well. 
The enzyme activity of the soluble MT6-MMP was inactive in the clusterin 
complex. Purified clusterin was inhibitory against the activity of soluble MT6- 
MMR On the other hand, it had no effect on the activities of MMP-2 and 
soluble MT1-MMR Because clusterin is an abundant protein in the body fluid 
in tissues, it may act as a negative regulator of MT6-MMP in vivo 153 . 



an immobilized form of ghrelin specifically binds a species of high density 
lipoprotein associated with the plasma esterase, paraoxonase, and clusterin. 
Both free ghrelin and paraoxon, a substrate for paraoxonase, can inhibit this 
interaction. An endogenous species of ghrelin is found to co-purify with high 
density lipoprotein during density gradient centrifugation and subsequent 
gel filtration. This interaction links the orexigenic peptide hormone ghrelin to 
lipid transport and metabolism. Furthermore, the interaction of the esterified 
hormone ghrelin with a species of HDL containing an esterase suggests a 
possible mechanism for the conversion of ghrelin to des-acyl ghrelin 154 . 



CLUSTERIN IN CIRCULATION 

Atherosclerosis and Diabetes 

By combining a sandwich ELISA assay and immunoblotting analysis a measu- 
rable increase of clusterin serum levels with age in males was demonstrated 
and provide evidence that, as compared to healthy donors, the serum clus- 
terin amount increases significantly in diabetic type II patients and in pati- 
ents suffering from either a developing coronary heart disease, or myocardial 
infarction. The highest serum clusterin levels were found during myocardial 
infarction but no correlation was observed with the number of vessels with 
documented atherosclerotic damage. Clusterin accumulation in serum is pro- 
bably coupled to a generalized stress mediated induction mechanism that is 
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specifically related to certain diseases; moreover these data raise the possi- 
bility that elevated clusterin levels in serum may represent a strong indication 
of vascular damage 148 . 

Serum clusterin was 52.8+/-0.8 microg/mL (mean+/-SEM; range, 36.0- 
84.3 microg/mL; n=92) in healthy Japanese men, and 49.3+/-0.5 microg/ 
ml_ (34.5-72.8; n=241) in healthy Japanese women. Multiple regression of 
these data and results from 67 men with coronary heart disease (CHD) show- 
ed that clusterin concentration was unrelated to age, sex or body mass index, 
but was positively related to serum PON1 (p<0.001) and apo B (p<0.02) 
concentrations. In women, it was also positively related to blood glucose 
(p<0.02). After adjusting for its associations with covariates, serum clusterin 
averaged 5.4 microg/mL lower in CHD men than in controls (p<0. 003). Type 
2 diabetics had higher clusterin concentrations (men, 83.1+/-3.4 microg/ 
mL, n=64; women, 64.0+/-2.3 microg/mL, n=46) than healthy men and 
women (p<0.001). In these Type 2 diabetics, clusterin concentration was 
unrelated to PON1 concentration, but was positively related to blood glu- 
cose (p<0. 01). After adjustment for its relation to blood glucose, the mean 
clusterin concentration was similar in diabetics and healthy subjects. These 
findings suggest that clusterin may be anti-atherogenic in humans, and that 
its concentration is raised by Type 2 diabetes 178 . 

Liver Cirrhosis 

Clusterin and vitronectin were quantified in serum from patients suffering 
from alcoholic liver cirrhosis (n = 83), and in serum-free culture supernatants 
from the hepatoma cell line HepG2.The median clusterin concentration was 
0.20 g/l in cirrhosis and 0.37 g/l in the controls, whereas corresponding 
vitronectin values were 0.19 and 0.26 g/l, respectively. The concentration 
of both proteins showed significant correlation (p < 0.0001) with disease 
severity and with established plasma markers of hepatic synthetic function, 
such as albumin and prothrombin complex. The clusterin level, but not the 
vitronectin level, correlated with survival (p = 0.005). The rates of synthesis 
of clusterin, vitronectin and C3 from HepG2 cells were 0.02, 0.21 and 1.9 
micrograms/ 10(6) cells/24 h, respectively. It is concluded that clusterin (as 
vitronectin and C3) is mainly produced in the liver and may be a useful 
marker in the evaluation of severity of liver disease and prognosis of patients 
with alcoholic cirrhosis 63 . 



Alcohol Consumption 

(l)The sialylation index of clusterin (moles sialic acid per mole clusterin 
protein) in rats administered ethanol for 4, 6, and 8 weeks and a gradual 
withdrawal and a follow-up abstinence for 1, 2, and 4 weeks; and (2) enzy- 
matic activities of hepatic sialyltransferase and plasma sialidase during the 
same periods of alcohol treatment and abstinence in rats were determined. 
Although no significant differences in the clusterin sialylation index between 
rats of the control and ethanol groups were found at the 4th week of alcohol 
treatment, a highly significant loss of 24% (p < 0.001) and 44% (p < 0.001) 
was found after 6 and 8 weeks, respectively, of alcohol feeding of these 
animals. Furthermore, a significant recovery of 38% (p < 0.001), 78% (p < 
0.001), 84% (p < 0.001) and 96% (p < 0.001) in the sialylation index of 
clusterin were found, respectively, during withdrawal and 1,2, and 4 weeks of 
subsequent alcohol abstinence in these animals. These changes in the sialic 
acid content of clusterin were accompanied by a similar pattern of changes 
in the enzyme activities of hepatic sialyltransferase and plasma sialidase in 
animals undergoing chronic ethanol treatment, withdrawal, and abstinence 
periods. The analysis of the sialylation index of clusterin seems to be a simple 
and feasible method to use to evaluate the extent of ethanol exposurellO. 
Chronic alcohol consumption impairs the hepatic sialylation of a number of 
glycoproteins by specifically down-regulating Gal-beta-l,4GlcNAc alpha2,6- 
sialyltransferase mRNA. It was found that chronic ethanol consumption mar- 
kedly inhibits hepatic sialylation of clusterin. Because the sialic-acid index 
of Apo J (SIJ; moles of sialic acid per mole of Apo J protein) is approximately 
seven times more than that for transferrin (28 vs. 4), it was evaluated whether 
plasma SIJ would be an even more sensitive marker for chronic ethanol con- 
sumption than CDT in both rats and human subjects. The method involved 
immunoaffinity purification of plasma HDL-Apo J, followed by its sialic acid 
determination. It was found that chronic ethanol feeding resulted in loss of 
sialic acid residues of plasma HDL-Apo J in rats. This loss of sialic acid was 
positively correlated with both amount and duration of ethanol treatment. In 
human subjects, an intake of about 60 g of alcohol for 30 days led to almost 
50% (P <.01) depletion of sialic acid from plasma HDL-Apo J. Further, it 
was established that there was a positive correlation of alteration in SIJ with 
alcohol consumption, detoxification, abstinence, and relapse in human alco- 
hol-dependent patients (sensitivity, 90%-92%). In addition, plasma SIJ was 
decreased by 50%-57% (P <.01) in both male and female alcohol-depen- 
dent subjects. It was suggest that plasma SIJ can be used as a viable marker 
for early detection of chronic alcohol consumption in human beings 14 °. 
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Systemic Lupus Erythematosus 

The levels of serum clusterin were measured by ELISA in 80 patients with SLE 
(76 female, 4 male). Clinical and serological information was gathered on 
115 visits. Overall disease activity scores were determined using the Syste- 
mic Lupus Activity Measure-Revised. Serum clusterin levels were significantly 
decreased in patients with SLE and correlated inversely with disease activity 
(p < 0.00001). Low clusterin levels were significantly associated with skin 
ulcers (p < 0.0001), loss of hair (p = 0.002), proteinuria (p = 0.018), low 
platelet count (p = 0.03), and arthritis (p < 0.0001). The clusterin levels did 
not correlate with either systemic complement consumption, as measured by 
C3 or C4, or with prednisone use. A highly significant correlation was obser- 
ved between low levels of serum clusterin and a number of SLE disease fea- 
tures. This deficiency of clusterin could directly or indirectly affect the disease 
process. Individuals lacking sufficient amounts of clusterin systemically likely 
have poor control of antibody mediated inflammation at sites of apoptosis 
where autoantigens are exposed 107 . 



total protein and albumin and correlated with the extent of tubular damage. 
Male (cy/ +) rats, but not female (cy/ +) rats, excreted more clusterin than 
age-matched (+/ +) rats, a finding consistent with the more rapid course of 
the disease in males. FHH rats presented with pronounced proteinuria and 
albuminuria but did not excrete increased levels of clusterin. Urinary clusterin 
levels could therefore serve as a valuable marker for the severity of tubular 
damage. Furthermore, clusterin may also help to differentiate between tubu- 
lar and glomerular forms of proteinuria 147 . 

Urine values of clusterin were higher in individuals with bladder cancer (197.2 
vs 67.7, p=0.0007). Sensitivity for bladder cancer detection was 49% and 
specificity 92% (AUC 0.75, LR+ 6.1, PPV+ 84%); diagnostic efficacy was 
sufficient. Urine clusterin could be a laboratory marker of bladder cancer 175 . 



CLUSTERIN IN CEREBROSPINAL FLUID 



Peeclampsia 

Immunoassays showed that clusterin levels in the 80 preeclamptic women 
were significantly higher than those in the 80 controls (mean +/- SD; 1.62 
+/- 0.46 times reference level in preeclamptic women vs. 1.30 +/- 0.46 
times reference level in controls, P < 0.001) 159 . 

Prostate Cancer 

The average clusterin level in serum was reported to be 101+/ -42 microg/ml 
(n=96). There was no correlation to age or serum cholesterol levels. Analysis 
of serum clusterin levels in patients with newly diagnosed prostate cancer 
(n=5), hormone responsive tumors (n=5), and hormone refractory disease 
(n=5), demonstrated that no significant changes in serum clusterin levels 
accompany the progression of prostatic disease, or response to hormone 
therapy 132 . 



» CLUSTERIN IN URINE 

Urinary excretion of clusterin after bilateral renal ischemia, in the (cy/ +) rat 
model of autosomal-dominant polycystic kidney disease and in the FHH rat 
model of focal segmental glomerulosclerosis was measured. After bilateral 
renal ischemia, the urinary excretion of clusterin paralleled the excretion of 



Clusterin is significantly increased in cerebrospinal fluid from Alzheimer pati- 
ents compared to unaffected controls, supporting that clusterin might be 
involved in the pathogenesis of Alzheimer's disease. However, the individual 
clusterin levels overlap between the two groups, and thus cerebrospinal fluid 
clusterin measurement is not suitable as a biochemical marker in the diagno- 
sis of Alzheimer's disease m . 

A total of 164 cerebrospinal fluid (CSF) samples taken from neurological 
patients were classed into four groups according to the clinical diagnosis: 
multiple sclerosis (MScI, n = 44), clinically isolated syndrome of demyelina- 
tion (CIS, n = 40), other inflammatory neurological disease (OIND, n = 26) 
and other neurological disease (OND, n = 54). Three differentially expressed 
proteins in the comparison of MScI vs. OND were identified: chromogranin A, 
a potential marker for neurodegeneration; and two important factors in com- 
plement-mediated inflammatory reaction, clusterin and complement C3 193 . 
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